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Laser  diode  driving  circuit 

©  A  laser  diode  driving  circuit  according  to  the 
present  invention  comprises  (a)  a  forward  current 
circuit  (4)  for  driving  the  laser  diode  (LD)  to  output 
from  the  laser  diode  a  light  output  that  corresponds 
to  the  forward  current  by  supplying  the  forward 
current  to  the  laser  diode  (LD),  (b)  a  photodiode  - 
(PD)  for  detecting  current  having  a  value  corre- 
sponding  to  the  level  of  the  light  output,  (c)  a  refer- 
ence  current  source  (I)  connected  on  the  output  side 
of  said  photodiode  (PD)  and  having  a  prescribed 
reference  current  value,  (d)  inverting  and  amplifying 
means  (2)  for  inverting  and  amplifying  the  difference 

^current  between  the  photovoltaic  current  from  said 
^photodiode  (PD)  and  the  reference  current  from  said 
l—  reference  current  source  (I),  and  (e)  a  feedback 
«~  circuit  (3)  for  feeding  back  the  inverted  and  amplified *^  output  from  said  inverting  and  amplifying  means  (2) 
IT)  to  said  forward  current  circuit  (4),  for  controlling  said 
•"T  forward  current  to  a  current  value  corresponding  to 

F I G .   1 ( A )  

o i  said  reference  current. 
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LASER  DIODE  DRIVING  CIRCUIT 

The  present  invention  relates  to  a  laser  diode 
driving  circuit,  more  particularly  to  a  laser  diode 
driving  circuit  which  controls  a  laser  diode  so  as  to 
generate  a  predetermined  light  output  stably  and 
fast. 

In  optical  information  processors  including  op- 
tical  disc  device,  optical  communications  devices, 
and  others,  use  is  made  of  a  laser  diode  as  a  light 
source.  In  using  a  laser  diode  as  a  light  source  in 
such  a  device,  it  is  important  to  generate  a  light 
output  from  the  laser  diode  fast  and  stably. 

When  the  forward  current  reaches  a  predeter- 
mined  threshold  value,  laser  diode  starts  to  os- 
cillate  and  outputs  laser  light.  Thereafter,  the  light 
output  increases  in  proportion  to  the  forward  cur- 
rent.  However,  the  changes  in  the  light  output  from 
the  laser  diode  are  relatively  large  compared  to  the 
changes  in  the  forward  current.  For  this  reason, 
there  have  been  proposed  in  the  past  driving  cir- 
cuits  which  can  prevent  variations  in  the  light  out- 
put  of  the  laser  diode  and  stably  control  the  light 
output  at  a  predetermined  level.  Such  a  circuit  is 
called  an  automatic  power  control  (APC)  circuit. 
However,  a  prior  driving  circuit  is  uneconomical 
due  to  the  relative  complexity  of  the  circuit  configu- 
ration  which  requires,  for  example,  three  operation- 
al  amplifiers.  Moreover,  its  response  to  the  vari- 
ations  in  the  light  output  is  relatively  slow,  resulting 
in  an  unsatisfactory  high  speed  control. 

In  addition,  a  laser  diode  has  a  relatively  large 
forward  voltage  drop  for  a  forward  current  so  that  it 
is  accompanied  by  a  considerable  temperature 
rise,  and  like  many  of  the  semiconductor  elements, 
it  has  a  temperature  dependence.  Ordinarily,  tem- 
perature  rise  is  handled  by  the  provision  of  a 
cooling  means.  However,  when  for  some  reason 
there  flows  an  excess  current  that  exceeds  a  rated 
value,  temperature  rise  cannot  be  handled  appro- 
priately  by  means  of  a  cooling  means  alone,  lead- 
ing  to  a  fear  of  having  a  breakdown  of  the  laser 
diode.  Further,  in  spite  of  the  requirement  that  the 
laser  diode  be  able  to  generate  stably  a  prescribed 
light  output  even  under  changes  in  the  tempera- 
ture,  there  are  few  laser  diodes  that  give  sufficient 
consideration  to  the  temperature  compensation  so 
as  to  control  stably  the  light  output  of  the  laser 
diode  for  variations  in  the  temperature,  so  that  it 
becomes  also  necessary  to  have  a  sufficient  mea- 
sure  for  the  temperature  compensation. 

An  object  of  the  present  invention  is  to  provide 
a  laser  diode  driving  circuit  which  controls  stably 
and  fast  the  light  output  of  a  laser  diode  to  a 
prescribed  level  by  means  of  a  relatively  simple 
circuit  configuration. 

Another  object  of  the  present  invention  is  to 
provide  a  laser  diode  driving  circuit  which  can 
prevent  the  breakdown  of  the  laser  diode  due  to 
flow  of  an  excess  current  in  it,  and  control  its  stable 

5  operation. 
Still  another  object  of  the  present  invention  is 

to  provide  a  laser  diode  driving  circuit  which  is 
capable  of  variably  modulating  the  level  of  light 
output  precisely  to  each  of  a  plurality  of  levels. 

10  Still  further  object  of  the  present  invention  is  to 
provide  a  laser  diode  driving  circuit  which  is  ca- 
pable  of  stably  controlling  the  light  output  level  of 
the  laser  diode  to  a  prescribed  value  for  variations 
in  temperature. 

75  Still  further  object  of  the  present  invention  is  to 
provide  a  laser  diode  driving  circuit  which  is  ca- 
pable  of  controlling  the  laser  diode  to  prevent  its 
breakdown  as  a  result  of  an  abnormal  operation 
caused  by  malfunctions  due  to  drop  in  the  supply 

20  voltage. 
According  to  the  present  invention,  light  output 

of  the  laser  diode  is  detected  to  be  converted  to  an 
electrical  signal  that  corresponds  to  the  level  of 
light  output,  the  electrical  signal  is  compared  with  a 

25  reference  signal,  and  a  control  is  given  so  as  to  let 
the  electrical  signal  to  have  a  prescribed  value  that 
corresponds  to  the  reference  signal.  Therefore,  it  is 
possible  to  control  the  light  output  of  the  laser 
diode  stably  at  a  prescribed  value.  Further,  its 

30  circuit  configuration  is  simple  so  that  the  response 
characteristics  are  extremely  satisfactory,  the  high 
speed  controllability  is  excellent,  making  it  possible 
to  realize  a  high  degree  of  economy. 

Further,  according  to  the  present  invention,  the 
35  forward  current  in  the  laser  diode  is  detected  and 

the  forward  current  is  controlled  when  it  exceeds  a 
prescribed  current  value.  Therefore,  it  is  possible  to 
prevent  the  breakdown  of  the  laser  diode  due  to 
excess  current,  and  to  realize  a  stable  operation  of 

40  the  system. 
Moreover,  according  to  the  present  invention,  a 

plurality  of  reference  signals  are  generated,  and  the 
electrical  signal  that  corresponds  to  the  level  of 
light  output  of  the  laser  diode  is  controlled  so  as  to 

45  be  equal  to  the  value  that  corresponds  to  a  refer- 
ence  signal  selected  from  among  a  plurality  of 
reference  signals.  Therefore,  it  is  possible  to  vari- 
ably  modulate  the  light  output  of  the  laser  diode  in 
a  free  fashion. 

50  Furthermore,  according  to  the  present  inven- 
tion,  there  is  provided  a  reference  signal  source 
which  generates  a  reference  signal  with  signal  level 
that  has  the  opposite  temperature  characteristics  to 
the  temperature  coefficient  of  the  light  output  level 
characteristics  for  the  laser  diode,  the  light  output 
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from  the  laser  diode  is  converted  to  an  electrical 
signal,  and  the  electrical  signal  is  compared  with 
the  reference  signal  to  be  controlled  so  as  to  have 
a  value  that  corresponds  to  the  reference  signal. 
Therefore,  it  is  possible  to  control  the  light  output 
of  the  laser  diode  to  a  predetermined  value,  even 
when  there  are  generated  temperature  changes  in 
the  laser  diode. 

Still  further,  according  to  the  present  invention, 
the  power  supply  voltage  is  detected,  and  the 
operation  of  the  laser  diode  is  interrupted  when  the 
power  supply  voltage  is  at  a  predetermined  value. 
Therefore,  needless  to  mention  the  case  of  a  drop 
in  the  power  supply  voltage  for  some  reason,  but 
also  in  the  low  voltage  state  which  the  power 
supply  voltage  has  to  go  through  in  the  closing  or 
opening  of  the  power  supply,  it  is  possible  to 
prevent  the  breakdown  of  the  laser  diode  that  may 
be  caused  by  the  generation  of  an  abnormally  high 
light  output  due  to  abnormal  operation  of  the  laser 
diode. 

Figs.  I  (a)  and  I  (b)  are  circuit  diagrams  for  a 
first  embodiment  of  the  laser  diode  driving  circuit  in 
accordance  with  the  present  invention, 

Fig.  2  is  a  characteristic  diagram  for  showing 
the  relation  between  the  forward  current  and  the 
light  output  for  the  laser  diode  used  in  the  laser 
diode  driving  circuit  shown  in  Fig.  I, 

Fig.  3  is  a  characteristic  diagram  for  showing 
the  relation  between  the  light  output  of  the  laser 
diode  used  in  the  laser  diode  driving  circuit  shown 
in  Fig.  I  and  the  monitor  current  of  the  photodiode. 

Fig.  4  is  a  circuit  diagram  for  showing  a 
concrete  example  of  the  laser  diode  driving  circuit 
shown  in  Fig.  I, 

Fig.  5  illustrates  waveform  diagrams  for 
showing  the  pulse  driving  characteristics  of  the 
circuits  shown  in  Fig.  4, 

Fig.  6  is  a  circuit  diagram  for  showing  a  first 
modification  to  the  first  embodiment, 

Fig.  7  is  a  circuit  diagram  for  showing  a 
second  modification  to  the  first  embodiment, 

Fig.  8  illustrates  circuit  diagrams  for  showing 
the  important  parts  of  a  third  modification  to  the 
first  embodiment, 

Fig.  9  illustrates  circuit  diagrams  for  showing 
the  important  parts  of  a  fourth  modification  to  the 
first  embodiment, 

Fig.  10  illustrates  circuit  diagrams  for  show- 
ing  the  important  part  of  a  fifth  modification  to  the 
first  embodiment, 

Fig.  II  is  a  circuit  diagram  for  a  second 
embodiment  of  the  laser  diode  driving  circuit  that 
has  an  excess  current  protective  circuit  in  accor- 
dance  with  the  present  invention, 

Fig.  12  gives  the  characteristic  diagrams  for 
the  relation  between  the  forward  current  and  the 
light  output  in  the  laser  diode  used  in  the  laser 

diode  driving  circuit  of  Fig.  II,  and  the  relation 
between  the  light  output  of  the  laser  diode  and  the 
monitor  current  of  the  photodiode, 

Fig.  13  is  a  circuit  diagram  for  showing  a  first 
5  modification  to  the  second  embodiment, 

Fig.  14  is  a  circuit  diagram  for  showing  a 
second  modification  to  the  second  embodiment, 

Fig.  15  is  a  circuit  diagram  for  a  third  em- 
bodiment  of  the  laser  diode  driving  circuit  that  has 

io  a  reference  current  switching  circuit,  of  the  present 
invention, 

Fig.  16  gives  the  characteristic  diagrams  for 
the  relation  between  the  forward  current  and  the 
light  output,  and  the  relation  between  the  light 

rs  output  of  the  laser  diode  and  the  monitor  current  of 
the  photodiode,  for  the  laser  diode  used  in  the 
laser  diode  driving  circuit  shown  in  Fig.  15. 

Fig.  17  is  a  circuit  diagram  for  showing  a 
concrete  example  of  the  laser  diode  driving  circuit 

20  of  Fig.  15, 
Fig.  18  gives  characteristic  diagrams  that 

show  the  switching  response  characteristics  of  the 
forward  current  in  the  laser  diode  of  Fig.  17, 

Fig.  19  is  a  circuit  diagram  for  showing  the 
25  external  detection  circuit  of  light  output  from  the 

circuit  of  Fig.  17, 
Fig.  20  gives  waveform  diagrams  that  show 

the  response  characteristics  of  the  output  voltage 
that  is  output  from  the  external  detection  circuit  of 

30  Fig.  19, 
Fig.  21  is  a  circuit  diagram  for  showing  a  first 

modification  to  the  third  embodiment, 
Fig.  22  is  a  circuit  diagram  for  showing  a 

second  modification  to  the  third  embodiment, 
35  Fig.  23  is  a  circuit  diagram  for  a  fourth 

embodiment  of  the  laser  diode  driving  circuit  that 
has  an  excess  current  protective  circuit,  of  the 
present  invention, 

Fig.  24  is  a  characteristic  diagram  for  show- 
40  ing  the  temperature  characteristics  of  the  light  out- 

put  from  the  laser  diode  used  in  Fig.  23, 
Fig.  25  is  a  circuit  diagram  for  showing  a 

modification  to  the  fourth  embodiment, 
Fig.  26  is  a  circuit  diagram  for  a  fifth  em- 

45  bodiment  of  the  laser  diode  driving  circuit  that  has 
a  resetting  circuit,  of  the  present  invention. 

Fig.  27  is  a  characteristic  diagram  for  show- 
ing  the  change  in  the  power  supply  voltage  to 
illustrate  the  operation  of  the  resetting  circuit  used 

50  in  Fig.  26, 
Fig.  28  is  a  characteristic  diagram  for  show- 

ing  an  example  of  the  range  of  the  power  supply 
voltage  changes  for  which  the  resetting  circuit  is 
operative, 

55 
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Fig.  29  gives  characteristic  diagrams  for 
showing  respective  examples  of  the  range  of  the 
power  supply  voltage  changes  and  the  changes  in 
the  reset  signal  level,  for  which  the  circuit  of  Fig. 
26  is  operative, 

Fig.  30  is  a  circuit  diagram  for  showing  a 
first  modification  to  the  fifth  embodiment, 

Fig.  31  is  a  characteristic  diagram  for  show- 
ing  the  relation  between  the  change  in  the  power 
supply  voltage  and  the  change  in  the  input  voltage 
for  the  circuit  of  Fig.  30, 

Fig.  32  is  a  circuit  diagram  for  showing  a 
second  modification  to  the  fifth  embodiment, 

Fig.  33  gives  waveform  diagrams  that  show 
the  operation  of  various  parts  in  the  circuit  of  Fig. 
32,  and 

Fig.  34  is  a  circuit  diagram  for  illustrating  the 
overall  configuration  of  a  laser  diode  driving  circuit 
that  is  a  combination  of  the  first  to  the  fifth  embodi- 
ments. 

Referring  to  Fig.  I  (a),  there  is  shown  a  first 
embodiment  of  the  laser  diode  driving  circuit  ac- 
cording  to  the  present  invention.  The  laser  diode 
driving  circuit  has,  for  example,  a  laser  diode  LD 
which  is  used  as  the  light  source  for  the  optical 
disc  device  and  a  photodiode  PD  which  converts 
the  light  output  from  the  laser  diode  LD  to  an 
electrical  signal.  Here,  the  laser  diode  LD  and  the 
photodiode  PD  are  built  in  a  package  II.  From  the 
package  II  there  are  taken  out  to  the  ouside  a  total 
of  three  terminal  pins,  namely,  a  common  connect- 
ing  terminal  lla  which  jointly  connects  the  anode  of 
the  laser  diode  LD  and  the  cathode  of  the 
photodiode  PD,  a  cathode  terminal  lib  of  the  laser 
diode  LD,  and  an  anode  terminal  lie  of  the 
photodiode  PD.  One  of  the  output  surfaces  of  the 
laser  diode  LD  is  placed  facing  the  photodiode  PD, 
and  a  light  output  Po  is  taken  out  from  the  other 
output  surface  to  the  outside. 

The  cathode  terminal  lib  of  the  laser  diode  LD 
is  connected  to  the  reference  voltage  (ground).  To 
the  anode  terminal  He  are  connected  a  reference 
current  source  I  and  a  current  controlling  means  5 
which  controls  the  forward  current  that  is  supplied 
to  the  laser  diode  LD  so  as  to  bring  the  photoval- 
taic  current  ls  in  the  photodiode  PD  that  monitors 
the  light  output  Po  of  the  laser  diode  LD  to  be  equal 
to  the  reference  current  lret  that  flows  in  the  refer- 
ence  current  source  I.  The  current  controlling 
means  5  comprises  an  inverting  amplifier  2  which 
is  connected  to  the  anode  terminal  lie  of  the 
photodiode  PD  and  a  feedback  circuit  3  which 
feeds  back  the  inverted  and  amplified  output  from 
the  inverting  amplifier  2  to  the  forward  current 
circuit  4  that  is  connected  to  the  common  connect- 

ing  terminal  lla,  in  order  to  invert  and  amplify  the 
difference  current  between  the  photovoltaic  current 
ls  and  the  reference  current  lr8f  that  flows  in  the 
reference  current  source  I. 

5  Such  a  laser  driving  circuit  can  easily  be  in- 
tegrated.  Needless  to  say,  however,  under  the  cur- 
rent  circumstances,  it  is  preferred  to  have  the  laser 
diode  and  the  photodiode  as  externally  attachable 
parts.  Accordingly,  it  is  conceivable  to  integrate  the 

10  part  of  Fig.  I  (a)  which  excludes  LD  and  PD  that  are 
enclosed  in  a  broken  line  II.  Further,  from  the 
viewpoint  of  ease  in  adjusting,  the  reference  cur- 
rent  source  lref  may  be  set  as  an  external  resistor 
for  the  IC. 

75  Referring  to  Fig.  I  (b),  there  is  shown  a  modi- 
fication  circuit  of  the  first  embodiment  of  a  laser 
driving  circuit  according  to  the  present  invention.  In 
this  circuit,  a  common  connecting  terminal  lla  is 
connected,  from  a  positive  power  supply  line  2a,  to 

20  a  forward  current  circuit  4  which  has  a  driving 
transistor  Q2  and  a  resistor  R,  that  regulates  the 
forward  current  lf  to  a  maximum  rated  value.  Refer- 
ence  numeral  5  is  a  bias  current  circuit  for  the 
driving  transistor  Q2,  and  serves  also  as  the  output 

25  circuit  for  the  controlling  transistor  Q,. 
The  controlling  transistor  Q,  constitutes  an  in- 

verting  amplification  means  2,  and  its  base  is  con- 
nected  to  the  anode  terminal  lie  of  the  photodiode 
PD,  its  emitter  is  connected  to  a  power  supply  line 

30  2b,  and  its  collector  is  connected  to  the  base  of  the 
driving  transistor  Q2.  The  anode  terminal  He  of  the 
photodiode  PD  is  connected  via  a  reference  current 
source  I  that  supplies  a  reference  current  to  the 
power  supply  line  2b.  Further,  the  cathode  of  the 

35  laser  diode  LD  is  connected  via  the  cathode  termi- 
nal  lib  to  the  power  supply  line  26. 

Next,  referring  to  Fig.  2  and  Fig.  3,  the  opera- 
tion  of  the  system  will  be  described.  Figure  2  is  a 
characteristic  diagram  for  illustrating  the  relation 

40  between  the  forward  current  lf  of  the  laser  diode  LD 
and  the  light  output  Po,  and  Fig.  3  is  a  characteris- 
tic  diagram  for  illustrating  the  relation  between  the 
light  output  Po  of  the  laser  diode  LD  and  the 
monitoring  current  (photovoltaic  current)  ls  that  is 

45  generated  in  the  photodiode  PD. 
From  Fig.  2  it  will  be  seen  that  there  is  ob- 

tained  a  light  output  Po  by  the  oscillation  of  the 
laser  diode  LD  when  the  forward  current  lf  reaches 
a  certain  "threshold  current",  for  instance  60  mA, 

so  and  thereafter  the  light  output  Po  increases  in  pro- 
portion  to  the  forward  current  lf.  On  the  other  hand, 
the  photodiode  PD  generates  a  photovoltaic  current 
ls  upon  receipt  of  the  light  output  Po.  As  shown  in 
Fig.  3,  the  photovoltaic  current  ls  increases  in  pro- 

55  portion  to  the  light  output  Po.  A  numerical  example 
that  shows  the  relation  among  the  forward  current  lf 
,  the  light  output  Po,  and  the  photovoltaic  current  ls 
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at  the  room  temperature  is: 

Forward  current  l(  :  90  mA 

Light  output  Po  :  10  mW 

Photovoltaic  current  ls  :  0.75  mA. 
From  the  above  example,  the  proportionality 

factor  of  the  photovoltaic  current  ls  to  the  light 
output  Po  is  given  by 

Is/Po  =  0.75  (mA)  /  10  (mW)....(I) 
Since  the  photovoltaic  current  ls  of  the 

photodiode  PD  is  proportional  to  the  light  output  Po 
as  in  the  above,  it  becomes  possible  to  control  the 
light  output  Po  at  a  constant  value  by  detecting  the 
photovoltaic  current  ls  and  feedback-controlling  the 
light  output  Po.  In  the  present  invention,  the  light 
output  Po  is  arranged  to  have  a  constant  value  by 
controlling  it  so  as  to  bring  the  detected  photovol- 
taic  current  ls  to  be  equal  to  the  value  that  cor- 
responds  to  the  reference  current  lr8f. 

Namely,  in  the  state  in  which  the  relation  be- 
tween  the  photovoltaic  current  ls  and  the  reference 
current  U  is  ls  <  lr8f,  there  flows  no  current  to  the 
base  of  the  controlling  transistor  Q,  so  that  the 
controlling  transistor  Q,  is  in  off-state.  Then,  the 
driving  transistor  Q2  is  brought  to  on-state  by  the 
flow  of  a  bias  current  lb  from  the  bias  current  circuit 
5,  and  these  flows  in  the  laser  diode  LD  a  maxi- 
mum  upper  limit  current  that  is  prescribed  by  the 
current  controlling  resistor  R,  to  increase  the  light 
output  P.. 

When  there  is  realized  the  relation  ls  >  lre(  with 
the  increase  in  the  light  output  Po  and  the  accom- 
panying  increase  in  the  photovoltaic  current  ls,  a 
base  current  that  corresponds  to  the  difference 
between  the  photovoltaic  current  l,and  the  refer- 
ence  current  U  flows  in  the  controlling  transistor 
Qi,  and  an  amplified  current  of  the  difference  cur- 
rent  flows  to  the  collector  of  the  controlling  transis- 
tor  Q,.  Because  of  this,  of  the  bias  current  lb  of  the 
bias  current  circuit  5,  an  amount  that  corresponds 
to  the  amplified  current  flows  toward  the  controlling 
transistor  Q,,  and  the  base  bias  current  of  the 
driving  transistor  Q,  is  decreased  by  the  corre- 
sponding  amount.  Then,  the  driving  transistor  Qs  is 
driven  by  the  inverting  amplification  current  of  the 
controlling  transistor  Q,,  and  the  driving  transistor 
Q,  controls  the  forward  current  lf  of  the  laser  diode 
LD  in  response  to  the  size  of  the  difference  current 
between  the  photovoltaic  current  ls  and  the  refer- 
ence  current  lref,  reducing  the  value  of  the  current 
I,. 

In  connection  with  the  above  numerical  exam- 
ple,  if  the  reference  current  I  rBf  of  the  reference 
current  source  I  is  set  at  0.75  mA,  the  forward 
current  If  of  the  laser  diode  LD  is  controlled  to 

5  become  90  mA  that  corresponds  to  this  reference 
current  0.75  mA.  As  a  result,  control  is  carried  out 
to  have  a  constant  light  output  Po  of  10  mW. 

Further,  as  shown  in  the  circuit  configuration  of 
Fig.  I,  the  control  current  that  is  obtained  by  the 

to  forward  current  circuit  4  includes  the  component  of 
the  photovoltaic  current  lsthat  flows  to  the 
photodiode  PD.  Therefore,  the  control  operation  for 
the  forward  current  lf  generates  an  error  which  is 
equal  to  the  amount  of  photovoltaic  current  ls.  How- 

75  ever,  the  photovoltaic  current  ls  has  a  value  which 
is  less  than  I/100  of  the  forward  current  lf,  as  shown 
in  the  above  example.  Therefore,  the  above  error  is 
almost  negligible  so  that  the  control  current  that 
flows  in  the  forward  current  circuit  4  may  safely  be 

20  regarded  to  be  equal  to  the  forward  current  lt  of  the 
laser  diode  LD. 

In  such  an  output  stabilization  operation,  in  the 
present  embodiment,  only  two  transistors,  namely, 
the  controlling  transistor  Q,  and  the  driving  transis- 

25  tor  Q2,  and  a  current  controlling  resistor  R,  are 
connected  to  the  feedback  circuit  3,  having  an 
extremely  small  number  of  components  and  a  sim- 
ple  circuit  configuration  compared  with  the  existing 
system.  Accordingly,  the  response  lag  of  the  feed- 

30  back  system  for  the  changes  in  the  light  output  Po 
is  very  small  so  that  an  appropriated  stabilization 
operation  can  be  obtained  even  if  the  laser  diode 
LD  is  pulse-driven  at  high  frequency.  This  will  be 
explained  further  in  connection  with  the  next  exam- 

35  pie. 
Next,  in  Fig.  4  is  shown  a  concrete  example  of 

the  first  embodiment.  In  this  concrete  example,  the 
laser  diode  LD  is  driven  by  high  frequency  pulsed 
current,  and  its  pulsed  light  output  is  attempted  to 

40  be  detected  by  a  photodiode  sensor  PD2  that  is 
provided  externally. 

In  Fig.  4,  reference  numeral  6  is  a  switching 
circuit  for  switch-driving  the  laser  diode  LD.  This 
fast  switching  circuit  consists  of  a  switching  transis- 

45  tor  Q3,  resistors  R5  to  R.,  a  capacitor  C2,  and  a 
diode  D.  Reference  numeral  7  is  a  voltage  input 
terminal  for  inputting  a  pulsed  voltage  for  driving 
the  switching  circuit  6. 

Further,  to  the  photodiode  sensor  PD,  there  is 
so  connected  a  sense  amplifier  for  outputting  a  volt- 

age  output  Vo  from  an  output  terminal  8  by  am- 
plifying  the  detected  photovoltaic  current  l0.  The 
sense  amplifier  consists  of  an  operating  amplifier 
A4  and  a  feedback  resistor  R4. 

55 
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In  this  concrete  example,  the  reference  current 
source  consists  of  a  resistor  R2  of  resistance  8.2 
kQ.  If  the  required  voltage  between  the  base  and 
the  emitter  VBE  is,  for  example,  0.6  V,  the  reference 
current  Iref  is  set  at  0.6  V  /  8.2  kQ  =  73  uA. 

Therefore,  the  light  output  Po  of  the  laser  diode 
LD  is  controlled  so  as  to  let  the  photovoltaic  current 
ls  of  the  photodiode  PD  have  a  value  that  cor- 
responds  to  73  uA  of  the  reference  current  lret. 
Then,  by  applying  the  proportionality  relation  be- 
tween  the  two  quantities  given  by  Eq.  (I)  as  it  is, 
there  will  be  obtained  a  light  output  Po  of  about  I 
mW  from  the  laser  diode  LD. 

The  pulse  response  characteristics  of  such  a 
concrete  example,  obtained  when  the  laser  diode 
LD  is  pulse-driven  by  inputting  from  the  voltage 
input  terminal  7  a  pulsed  voltage  of  repetition  fre- 
quency  of  I  MHz  as  the  input  voltage  Vi,  are  shown 
in  Figs.  5  (A),  5  (B),  and  5  (C).  Figure  5  (A)  is  a 
diagram  for  illustrating  the  response  characteristics 
between  the  input  voltage  V|  and  the  anode  voltage 
(driving  voltage)  Vdof  the  laser  diode  LD,  Fig.  5  (B) 
is  a  diagram  for  illustrating  the  response  char- 
acteristics  between  the  input  voltage  Vj  and  the 
forward  current  lf  of  the  laser  diode  LD,  and  Fig.  5  - 
(C)  is  a  diagram  for  illustrating  the  response  char- 
acteristics  between  the  input  voltage  V)  and  the 
voltage  output  Vo  to  the  outside. 

From  the  characteristics  shown  in  Fig.  5  (B),  it 
will  be  seen  that  a  forward  current  lf  of  about  58 
mA  is  flowing  in  the  laser  diode  LD  during  the  time 
of  its  lighting. 

Further,  the  pulsed  output  voltage  Vo  which  is 
output  from  the  output  terminal  8  through  the  exter- 
nal  detection  system  that  consists  of  the 
photodiode  sensor  PD2  and  the  sense  amplifier, 
has  an  amplitude  of  about  0.2  V  and  the  rise  time  tr 
and  the  fall  time  t  f  of  about  40  nsec  and  50  nsec, 
respectively,  which  shows  a  very  fast  pulse  re- 
sponse.  It  was  confirmed  that  the  light  output  Po  in 
such  a  pulse  drive  can  also  be  controlled  to  a 
constant  value  in  a  stable  manner.  Here,  the  rise 
time  tr  and  the  fall  time  tf  are  values  that  include 
the  response  lag  of  the  sense  amplifier  itself  and 
others. 

Incidentally,  when  the  amplitude  of  the  output 
voltage  is  0.2  V,  the  photovoltaic  current  l0  that 
flows  in  the  photodiode  sensor  PD2  has  a  value 
which  is  obtained  by  dividing  the  output  amplitude 
value  by  the  feedback  resistance  R,  =  I00  kQ  of 
the  operational  amplifier  A,,  namely,  0.2  V  /  100  kQ 
=  2uA. 

In  Fig.  6  there  is  shown  a  first  modification  to 
the  first  embodiment.  In  this  modification,  as  the 
controlling  transistor,  use  is  made  of  a  junction 
type  field  effect  transistor  (JFET)  Q«,  instead  of  the 

5  npn  transistor  Q,  in  the  first  embodiment,  to  en- 
hance  further  the  control  accuracy  of  the  light  out- 
put  Po. 

Except  for  that  use  is  made  of  the  JFET  Q4, 
other  configuration  is  the  same  as  for  the  first 

10  embodiment  shown  in  Fig.  I. 
As  was  mentioned  in  connection  with  the  con- 

crete  example  shown  in  Fig.  4,  the  reference  cur- 
rent  I  ref  is  given  a  value  which  is  less  than  about 
I00  uA,  and  the  light  ouput  Po  is  controlled  in  such 

75  a  way  as  the  photovoltaic  current  I  s  of  the 
photodiode  PD  thus  generated  to  have  a  value 
corresponding  to  the  reference  current  lrBf.  The 
photovoltaic  current  ls  of  the  photodiode  PD  has  a 
small  value  as  mentioned  in  the  above  so  that 

20  when  an  npn  transistor  Q,  is  used  as  the  controlling 
transistor  as  in  the  first  embodiment,  there  will  flow 
a  base  current  of  the  order  of  u.A  in  the  npn 
transistor  Q,,  and  hence  a  control  error  of  the  size 
of  the  base  current  will  be  generated  due  to  inclu- 

25  sion  of  the  base  current  in  the  photovoltaic  current 
Is- 

In  contrast,  in  the  first  modification,  by  the  use 
of  a  JFET  which  has  a  high  gate  input  impedance 
as  the  controlling  transistor,  the  above  control  error 

30  is  arranged  to  be  eliminated  by  making  the  gate 
current  to  be  almost  nonexistent. 

In  Fig.  7,  there  is  shown  a  second  modification 
to  the  first  embodiment. 

In  this  modification,  the  control  accuracy  is 
35  attempted  to  be  improved  further  by  connecting  a 

voltage  comparator  VC  between  the  junction  of  the 
photodiode  PD  and  the  reference  current  source  I, 
and  the  base  of  the  controlling  transistor  Q,.  In  the 
example  of  the  figure,  the  reference  voltage  VrBfof 

40  the  voltage  comparator  VC  is  set  at  the  ground 
potencial. 

In  this  modification,  the  signal  that  corresponds 
to  the  difference  between  the  reference  current  lref 
of  the  reference  current  source  I  and  the  photovol- 

45  taic  current  lsof  the  photodiode  PD  is  inverted  and 
amplified  by  the  controlling  transistor  Q,  via  the 
voltage  comparator  VC.  The  amplified  output  is  fed 
back  to  the  forward  current  circuit  4  to  control  the 
forward  current  lf  of  the  laser  diode  LD  to  a  current 

50  value  that  corresponds  to  the  reference  current  lref. 
Such  a  fundamental  operation  is  similar  to  the  case 
of  the  first  embodiment. 

In  the  above  control  operation  for  this  modifica- 
tion,  the  anode  voltage  of  the  photodiode  PD  is  set 

55  to  be  equal  to  the  reference  voltage  Vref  of  the 
voltage  comparator  VC,  namely,  the  ground  poten- 
cial. 
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When  the  anode  of  the  photodiode  PD  is  con- 
nected  directly  to  the  base  of  the  controlling  tran- 
sistor  Q,,  the  anode  potential  of  the  photodiode  PD 
has  a  temperature  dependence  under  the  influence 
of  the  temperature  characteristics  of  the  controlling 
transistor  Q,,  which  generates  a  temperature  de- 
pendence  also  in  the  stabilized  operation  of  the 
light  output. 

However,  in  the  present  modification,  the  volt- 
age  of  the  photodiode  PD  is  prescribed  to  the 
reference  voltage  Vref  of  the  voltage  comparator 
VC,  and  the  effect  of  the  temperature  characteris- 
tics  of  the  controlling  transistor  Q,  is  eliminated. 

Further,  if,  for  instance,  the  anode  potential  of 
the  laser  diode  LD  is  I.5  V  and  the  base-emitter 
voltage  VBE  of  the  controlling  transistor  Q,  is  0.6  V, 
the  photodiode  PD  in  the  case  of  the  first  embodi- 
ment  will  be  operated  by  a  reverse  bias  voltage  of 
I.5  V  -0.6  V  =  0.9  V.  However,  in  the  present 
modifiction,  the  anode  of  the  photodiode  PD  is  set 
at  the  ground  level  which  is  the  reference  voltage 
Vre,  for  the  voltage  comparator  VC.  Consequently, 
the  reverse  bias  voltage  becomes  1.5  V  -0  V  =  1.5 
V  so  that  it  is  set  at  a  value  which  is  larger  than  for 
the  first  embodiment.  Because  of  this,  the  detection 
sensitivity  of  the  photodiode  PD  is  improved,  and 
together  with  the  removal  of  the  influence  of  the 
temperature  characteristics,  the  stabilized  operation 
of  the  light  output  Po  of  the  laser  diode  LD  will  be 
made  more  accurate. 

It  should  be  noted  that  Vref  may  be  set  at  a 
potential  other  than  that  of  the  ground.  By  so 
doing,  it  will  become  possible  to  set  the  reverse 
bias  voltage  for  the  photodiode  at  a  larger  value. 

Next,  in  the  third  to  the  fifth  modifications 
shown  in  Figs.  8  to  10,  respectively,  the  restrictions 
on  the  connection  mode  in  which  the  laser  diode 
LD  and  the  photodiode  PD  are  built  in  one  package 
II  and  the  anode  of  the  laser  diode  LD  and  the 
cathode  of  the  photodiode  PD  are  jointly  connect- 
ed,  are  relaxed,  and  examples  of  configurations  are 
shown  in  which  the  laser  diode  LD  and  the 
photodiode  PD  may  be  connected  in  an  arbitrary 
manner. 

Namely,  the  possible  connection  modes  of  the 
laser  diode  LD  and  the  photodiode  PD  include  (a)  a 
mode  of  jointly  connecting  the  anode  of  the  laser 
diode  LD  and  the  cathode  of  the  photodiode  PD;  - 
(b)  a  mode  of  jointly  connecting  the  cathode  of  the 
laser  diode  LD  and  the  anode  of  the  photodiode 
PD;  (c)  a  mode  of  mutually  and  jointly  connecting 
the  cathodes  of  the  laser  diode  LD  and  the 
photodiode  PD;  (d)  a  mode  of  mutually  and  jointly 
connecting  the  anodes  of  the  laser  diode  LD  and 
the  photodiode  PD;  and  (e)  a  mode  that  does  not 
jointly  connect  the  laser  diode  LD  and  the 

photodiode  PD.  In  what  follows,  the  modifications 
to  the  laser  diode  driving  circuit  that  are  con- 
structed  in  accordance  with  each  of  the  connection 
modes  that  are  enumerated  in  the  above. 

5  First,  Fig.  8  (A)  shows  a  third  modification  to 
the  present  invention.  This  modification  uses  a  npn 
transistor  as  a  driving  transistor  Q2,  and  by  con- 
necting  the  junction  of  the  reference  current  source 
I  and  the  photodiode  PD  directly  to  the  base  of  the 

10  driving  transistor  Q2  to  omit  the  arrangement  of  the 
transistor  that  corresponds  to  the  controlling  tran- 
sistor  Q,  in  the  first  embodiment,  with  a  main 
purpose  of  further  simplifying  the  circuit  configura- 
tion.  The  laser  diode  LD  is  connected  to  the  emitter 

75  circuit  of  the  driving  transistor  Q2  which  is  con- 
nected  as  an  emitter  follower. 

To  describe  the  operation,  in  a  state  in  which 
the  relation  between  the  photodiode  current  I  s  and 
the  reference  voltage  U,  satisfy  the  condition  ls  < 

20  Ire,,  a  base  current  that  corresponds  to  the  dif- 
ference  between  the  photovoltaic  current  Igand  the 
reference  current  !„,  flows  in  the  base  of  the  driv- 
ing  transistor  Q,,  and  a  forward  current  l(  that 
corresponds  to  the  amplified  current  of  the  dif- 

25  ference  current  flows  in  its  emitter  circuit.  Then,  in 
the  laser  diode  LD,  the  light  output  Po  is  increased 
by  the  amplified  forward  current  I,.  In  this  way,  in 
this  modification,  the  forward  current  l,is  also  in- 
verted  and  increased  corresponding  to  the  differ- 

30  ence  current  between  the  photovoltaic  current  I  8 
and  the  reference  current  lref,  and  the  light  output 
Po  is  increased. 

As  the  light  output  Po  is  increased,  and  the 
photovoltaic  current  ls  is  increased  accordingly  to 

35  satisfy  the  relation  ls>  U,  the  base  current  of  the 
driving  transistor  Q,  vanishes,  the  driving  transistor 
Qs  becomes  off-state  to  cut  off  the  forward  current 
lf,  and  the  light  output  Po  is  reduced. 

By  a  feedback  operation  as  in  the  above,  the 
40  light  output  Po  of  the  laser  diode  LD  is  controlled  to 

become  constant  at  an  output  value  for  which  the 
photovoltaic  current  ls  of  the  photodiode  PD  equals 
the  reference  current  I  re(.  In  this  modification,  the 
number  of  components  in  the  circuit  is  small  so 

45  that  a  more  satisfactory  effect  can  be  obtained  in 
view  of  the  fast  driving  capability. 

In  this  modification,  it  is  possible  to  jointly 
connect  the  anode  of  the  laser  diode  LD  and  the 
cathode  of  the  photodiode  PD. 

50  Figure  8  (B)  is  a  complementary  circuit  to  the 
circuit  shown  in  Fig.  8  (A)  obtained  by  the  use  of 
an  npn  transistor  as  the  driving  transistor  Q2'.  Its 
operation  is  similar  to  that  of  the  circuit  shown  in 
Fig.  8  (A). 

55  In  this  circuit,  it  is  possible  to  jointly  connect 
the  cathode  of  the  laser  diode  LD  and  the  anode  of 
the  photodiade  PD. 
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In  Fig.  9(a)  is  shown  a  fourth  modification  to 
the  present  invention.  In  this  modification,  a  npn 
transistor  is  used  as  the  driving  transistor  Q2,  and 
the  aspect  that  the  junction  of  the  reference  current 
source  I  and  the  photodiode  PD  is  connected  to  the 
base  of  the  driving  transistor  Q2  is  the  same  as  in 
the  third  modification  shown  in  Fig.  8  (A).  What  is 
different  is  that  the  laser  diode  LD  is  connected  to 
the  collector  circuit  of  the  driving  transistor  Q2. 

The  operation  of  detecting  a  photovoltaic  cur- 
rent  ls  that  corresponds  to  the  light  output  Po  by  the 
photodiode  PD,  and  controlling,  by  the  feedback  of 
the  detected  value,  the  light  output  Po  so  as  to  be 
constant  at  an  output  value  for  which  the  photovol- 
taic  current  ls  becomes  equal  to  the  value  that 
corresponds  to  the  reference  current  lref,  is  similar 
to  the  case  of  the  third  modification. 

Figure  9  (B)  is  a  complementary  circuit  to  the 
circuit  of  Fig.  9  (A),  obtained  by  the  use  of  an  npn 
transistor  as  the  driving  transistor  Q2'.  Its  operation 
is  similar  to  the  case  of  Fig.  9  (A). 

In  Fig.  10  (A)  is  shown  a  fifth  modification  to  the 
present  invention.  In  this  modification,  the  cathode 
of  the  laser  diode  LD  and  the  cathode  of  the 
photodiode  PD  are  jointly  connected,  and  it  shows 
the  circuit  configuration  for  the  case  in  which  there 
exists  a  restriction  that  a  common  connecting  ter- 
minal  is  drawn  out  from  the  connecting  point. 

Except  for  the  fact  that  the  cathod  of  the 
photodiode  PD  and  the  cathode  of  the  laser  diode 
are  connected  as  in  the  above,  the  circuit  compo- 
nents  are  similar  to  the  case  of  the  third  modifica- 
tion  shown  in  Fig.  8  (A). 

In  this  modification,  the  sum  of  the  controlling 
current  that  flows  in  the  driving  transistor  Q2  and 
the  photovoltaic  current  ls  that  flows  in  the 
photodiode  PD,  flows  in  the  laser  diode  LD  as  a 
forward  current  lf.  Because  of  this,  between  the 
forward  current  lf  and  the  controlling  current,  there 
exists  an  error  which  corresponds  to  the  photovol- 
taic  current  ls.  However,  the  photovoltaic  current  ls 
has  a  value  which  is  less  than  I/I00  of  the  forward 
current  If  as  mentioned  earlier  so  that  the  above 
error  can  be  neglected  almost  completely,  and  that 
controlling  current  that  flows  in  the  driving  transis- 
tor  Q2  may  safely  be  regarded  to  be  equal  to  the 
forward  current  If  of  the  laser  diode. 

Accordingly,  the  stabilized  controlling  action  of 
the  light  output  Po  by  means  of  the  present  modi- 
fication  is  substantially  the  same  as  in  the  third 
modification. 

Figure  10  (B)  is  constructed  as  a  complemen- 
tary  circuit  to  the  circuit  shown  in  Fig.  10  (A)  by 
employing  a  npn  transistor  as  the  driving  transistor 
Q2'.  Its  operation  is  approximately  the  same  as  that 
of  Fig.  10  (A). 

Figure  II  shows  a  second  embodiment  of  the 
present  invention. 

The  second  embodiment  is  obtained  by  attach- 
ing  an  excess  current  protective  circuit  10  to  the 
laser  diode  driving  circuit  which  has  a  controlling 
circuit  for  output  stabilization  shown  in  the  first 

5  embodiment.  In  the  laser  diode  driving  circuit 
shown  in  Fig.  II,  the  current  driving  resistor  R, 
which  was  connected  in  series  to  the  anode  of  the 
laser  diode  in  the  first  embodiment  is  taken  away, 
and  in  its  place  there  is  connected  in  series  a 

10  voltage  detecting  resistor  R,o  to  the  cathode  of  the 
laser  diode  LD  to  let  the  resistor  R,o  to  play  the 
function  of  a  current  limiting  resistor  to  some  ex- 
tent.  Here,  for  the  components  in  Fig.  II  which  are 
identical  to  those  in  Fig.  I  are  given  identical  sym- 

75  bols  to  omit  a  repeated  explanation. 
In  the  excess  current  protective  circuit,  a  for- 

ward  current  limiting  circuit  (forward  limiting 
means)  12  that  has  a  limiting  transistor  Q5  is  con- 
nected  to  a  forward  current  circuit  4.  The  mode  of 

20  connection  is  such  that  the  collector  of  the  limiting 
transistor  Q5  is  connected  to  the  common  connect- 
ing  terminal  Ha,  and  its  emitter  is  connected  to  a 
negative  power  supply  line  2b.  Between  the  cath- 
ode  terminal  lib  of  the  laser  diode  in  the  forward 

25  current  circuit  4  and  the  power  supply  line  2b, 
there  is  connected  the  detecting  resistor  R,o  for 
taking  out  the  voltage  drop  due  to  the  forward 
current  lf  as  a  detected  voltage,  and  the  take-out 
point  3a  of  the  detected  voltage  is  connected  to  the 

30  base  of  the  limiting  transistor  Q5. 
The  resistance  of  the  detecting  resistor  R,P0  is 

prescribed  as 

R.o  =  VBE  /  I  fmax.  -(2) 
35 

where  lfltiax  is  the  maximum  rated  value  (limited 
current  value)  of  the  forward  current  lf  of  the  laser 
diode  LD  and  VBE  is  the  base-emitter  voltage  that 
is  needed  for  making  the  limiting  transistor  Q5  a 

40  conducting  state  (assuming  that  the  symbol  for  the 
resistor  R,o  represents  the  resistance  as  is). 

Next,  referring  to  Figs.  12  (A)  and  12  (B),  the 
operation  of  the  circuit  will  be  described. 

Figure  12  (A)  is  a  characteristic  diagram  for 
45  showing  the  relation  between  the  forward  current  lf 

of  the  laser  diode  LD  and  the  light  output  Po,  and 
Fig.  12  (B)  is  a  characteristics  diagram  for  showing 
the  relation  between  the  light  output  Po  of  the  laser 
diode  LD  and  the  monitoring  current  (photovoltaic 

so  current  ls)  that  is  generated  in  the  photodiode  PD. 
From  Fig.  12  (A)  it  will  be  seen  that  the  laser 

diode  LD  outputs  a  light  output  Po  by  laser  oscilla- 
tion  when  the  forward  current  lf  reaches  a  certain 
"threshold  current  value"  lf',  and  thereafter  the  light 

55  output  Po  increases  in  proportion  to  the  forward 
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current  lf.  On  the  other  hand,  the  photovoltaic  cur- 
rent  ls  is  generated  upon  receipt  of  the  light  output 
Po  in  which  the  photovoltaic  current  ls  increases  in 
proportion  to  the  light  output  Po. 

As  described  earlier  in  connection  with  the  first 
embodiment,  the  photovoltaic  current  ls  that  is  de- 
tected  by  the  photodiode  PD  is  proportional  to  the 
light  output  P6,  so  that  the  light  output  Po  is 
feedback-controlled  at  a  constant  value  in  a  stabi- 
lized  manner,  so  as  to  have  a  value  that  cor- 
responds  to  the  reference  current  lref. 

Assuming  that  the  light  output  Po  is  controlled 
to  be  constant  at  approximately  a  maximum  rated 
output  value  of  POmax  in  the  neighborhood  of  the 
maximum  rated  value  lfmax  of  the  forward  current  l( 
of  the  laser  diode  LD,  and  the  forward  voltage  drop 
V(,  the  maximum  consumed  power  Pdmax  of  the 
laser  diode  LD  is  given  by 

Pdmax  =  Vf.  lfmax....(3) 
The  laser  diode  LD  maintains  a  normal  laser 

oscillation  state  in  the  range  below  the  maximum 
consumed  power  P  dmax. 

In  a  normal  output  stabilized  state  as  in  the 
above,  the  detected  voltage  lf.R,0  which  is  detected 
by  the  detecting  resistor  R,o  has  a  value  less  than 
the  voltage  VBE  between  the  base  and  the  emitter 
of  the  limiting  transistor  Q5,  so  that  the  forward 
current  limiting  circuit  12  is  not  affected  at  all. 

However,  if  an  excess  current  which  is  greater 
than  the  maximum  rated  value  lfmax  flows  in  the 
forward  current  circuit  4  for  some  reason,  then  the 
detected  voltage  that  is  taken  out  from  the  detect- 
ing  resistor  R10  exceeds  the  voltage  VBE  between 
the  base  and  the  emitter  of  the  limiting  transistor 
Qs.  As  a  result,  the  limiting  transistor  Q5  becomes 
turned  on,  a  portion  of  the  forward  current  is  by- 
passed  in  a  collector-emitter  path  of  the  transistor 
Qt  that  constitutes  the  forward  current  limiting  cir- 
cuit  12,  and  the  flow  of  an  excess  current  which  is 
greater  than  the  maximum  rated  value  (limited  cur- 
rent  value)  of  the  laser  diode  LD  is  controlled. 
Accordingly,  the  laser  diode  LD  is  protected  from 
thermal  breakdown  caused  by  the  excess  current. 

When  the  excess  current  state  is  stopped,  the 
forward  current  limiting  circuit  12  returns  to  the 
original  nonactive  state,  and  the  system  goes  back 
to  the  normal  output  stabilized  state  by  the  driving 
system  circuit. 

Next,  in  Fig.  13,  there  is  shown  a  first  modifica- 
tion  to  the  second  embodiment.  This  modification 
is  obtained  by  constituting  the  reference  current 
source  I  by  a  resistor  R,,.  If  the  required  voltage 
between  the  base  and  the  emitter  of  the  controlling 
transistor  Q,  is  called  VBE2,  then  the  resistance  R, 
is  fixed  so  as  to  satisfy  \nf  =  VBE2  /  R,.  Further, 
the  bias  current  circuit  5  consists  of  a  resistor  R,,. 

Next,  in  Fig.  14  is  shown  a  second  modification 
to  the  second  embodiment.  In  this  modification,  a 
detecting  resistor  R,o'  is  connected  between  the 
emitter  of  the  driving  transistor  Q2  and  the  jointly 

5  connecting  terminal  la,  and  the  limiting  transistor 
Qs'  is  connected  between  the  base  of  the  driving 
transistor  Q,  and  the  jointly  connecting  terminal  la. 
Further,  the  detected  voltage  take-out  point  3b  is 
connected  to  the  base  of  the  limiting  transistor  Q5'. 

10  As  in  the  above,  in  the  present  modification,  a 
forward  current  limiting  circuit  12'  is  arranged  in  a 
part  of  the  forward  current  circuit  4  on  the  side  of 
anode  of  the  lase  diode  LD.  Other  configuration  is 
approximately  the  same  as  that  shown  in  Fig.  II. 

75  To  describe  its  operation,  if  an  excess  current 
which  exceeds  a  maximum  rated  value  \fmax  flows 
in  the  forward  current  circuit  4  for  some  reason, 
then  the  value  of  the  detected  voltage  that  is  taken 
out  from  the  detecting  resistor  R,o'  exceeds  the 

20  voltage  Vbe  between  the  base  and  the  emitter  of 
the  limiting  transistor  Q5'.  As  a  result,  the  limiting 
transistor  Qs'  becomes  turned  on,  the  current  am- 
plification  factor  of  the  driving  transistor  Qs  is  re- 
duced  due  to  the  flow  of  a  part  of  the  base  bias 

25  current  of  the  driving  transistor  Q2  into  the  forward 
current  limiting  circuit  12',  so  that  flow  of  an  excess 
amount  of  the  forward  current  in  the  laser  diode  LD 
is  suppressed.  Therefore,  analogous  to  the  pre- 
vious  modification,  the  laser  diode  LD  can  be  pro- 

30  tected  from  thermal  breakdown  caused  by  an  ex- 
cess  current. 

In  the  second  modification,  current  that  flows  in 
the  detecting  resistor  R,o'  includes  the  photovoltaic 
current  lsthat  flows  in  the  laser  diode  LD  in  addition 

35  to  the  forward  current  lf,  and  the  photovoltaic  cur- 
rent  ls  becomes  a  factor  in  the  errors.  However,  the 
photovoltaic  current  ls  has  a  value  less  than  I/IOO  of 
the  forward  current  I  f  as  mentioned  earlier,  so  that 
the  error  in  the  detected  voltage  due  to  the 

40  photovoltaic  current  ls  can  be  neglected  almost 
completely. 

Figure  15  shows  a  third  modification  to  the 
present  invention.  This  modification  is  obtained 
from  the  second  modification  shown  in  Fig.  II  by 

45  replacing  the  reference  current  source  I  by  a  refer- 
ence  current  switching  circuit  J,.  In  Fig.  15,  compo- 
nents  identical  to  those  in  Fig.  II  are  given  identical 
symbols  to  omit  repeated  explanation. 

Namely,  between  the  anode  terminal  He  of  the 
so  photodiode  PD  and  a  negative  power  supply  line 

2b  there  is  connected  a  reference  current  switching 
circuit  J,  which  can  set  the  reference  current  lmi  to 
one  of  the  two  different  current  values  lrBfi,  and  lreK 
by  switching.  Reference  numeral  I4a  is  a  first  refer- 

55  ence  current  source  which  sets  the  reference  cur- 
rent  to  lrBfl,  and  I4b  is  a  second  reference  current 
source  which  sets  the  reference  current  to  \ntz  . 
Reference  numerals  I5a  and  I5b  are  the  first  and 
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the  second  differential  amplifiers,  and  the  two  dif- 
ferential  amplifiers  I5a  and  I5b  constitute  the  selec- 
tor  switch  for  switching  between  the  reference  cur- 
rent  sources  I4a  and  I4b. 

The  first  differential  amplifier  I5a  consists  of  a 
pair  of  transistors  Q6  and  Q7,  while  the  second 
differential  amplifier  I5b  consists  of  another  pair  of 
transistors  Q8  and  Q9.  The  collectors  of  the  transis- 
tors  Q6  of  the  first  differential  amplifier  I5a  and  the 
transistor  Q8  of  the  second  differential  amplifier  I5b 
are  jointly  connected,  and  the  junction  is  connected 
to  the  anode  terminal  He  of  the  photodiode  PD.  In 
addition,  the  common  junction  of  the  emitters  of 
the  first  differential  amplifier  I5a  is  connected  to  the 
first  reference  current  source  I4a,  and  the  common 
junction  of  the  emitters  of  the  second  differential 
amplifier  I5b  is  connected  to  the  second  reference 
current  source  I4b. 

Moreover,  to  the  base  of  the  transistor  Q6  in  the 
first  differential  amplifier  I5a  and  the  base  of  the 
transistor  Q,  in  the  second  differential  amplifier  I5b, 
there  is  applied  a  switch-controlling  voltage  V  c 
from  a  controlling  voltage  input  terminal  13.  On  the 
other  hand,  to  the  base  of  the  transistor  Q7  in  the 
first  differential  amplifier  I5a  and  to  the  base  of  the 
transistor  Q8  in  the  second  differential  amplifier  I5b, 
there  is  applied  a  reference  voltage  Vre{2  (ground 
potential  for  the  example  shown). 

When  the  relation  between  the  switch-control- 
ling  voltage  Vc  and  the  reference  voltage  Vre(2 
satisfies  the  relation  Vc  >  Vref2,  the  transistor  Q6  in 
the  first  differential  amplifier  I5a  is  shifted  to  on- 
state  and  the  reference  current  Iref  is  set  to  the 
reference  current  lren.  When  Vc  <  Vre{2  ,  the  transis- 
tor  QB  in  the  second  differential  amplifier  I5b  is 
shifted  to  on-state  and  the  reference  current  is 
switched  to  be  set  to  the  reference  current  lref2. 

The  selector  switch  that  consists  of  the  dif- 
ferential  amplifiers  I5a  and  I5b  has  a  high  speed 
switching  capability  that  corresponds  to  the  cut-off 
frequency  of  each  of  the  transistors  Q6  to  Q7. 

Next,  referring  to  Figs.  16  (A)  and  16  (B),  the 
operation  of  the  above  embodiment  will  be  de- 
scribed. 

Figure  16  (A)  is  a  characteristic  diagram  for 
showing  the  relation  between  the  forward  current  lf 
of  the  laser  diode  LD  and  the  light  output  Po,  and 
Fig.  16  (B)  is  a  characteristic  diagram  for  showing 
the  relation  between  the  light  output  Po  of  the  laser 
diode  LD  and  the  monitoring  current  (photovoltaic 
curent)  ls  that  is  generated  in  the  photodiode  PD. 

From  Fig.  16  (A)  it  will  be  seen  that  the  laser 
diode  LD  is  oscillated  to  give  a  light  output  when 
its  forward  current  I  f  reaches  a  certain  "threshold 
current  value",  and  thereafter  the  light  output  in- 
creases  in  proportion  to  the  forward  current  lf  .  The 
characteristic  line  for  the  forward  current  If  versus 
the  light  output  Po  in  this  proportional  region  is 

fairly  steep  similar  to  the  forward  characteristic  of 
the  ordinary  semiconductor.  On  the  other  hand,  the 
photodiode  generates  a  photovoltaic  current  ls  upon 
receipt  of  the  light  output  Po,  and  the  photovoltaic 

5  current  ls  increases  in  direct  proportion  to  the  light 
output  Po,  as  shown  in  Fig.  16  (B). 

As  in  the  above,  the  photovoltaic  current  ls  that 
is  detected  by  the  laser  diode  LD  is  proportional  to 
the  light  output  Po.  Therefore,  in  the  present  inven- 

io  tion,  by  feedback-controlling  the  light  output  Po  so 
as  to  give  the  photovoltaic  current  ls  a  value  that 
corresponds  to  the  reference  current  lref,  it  be- 
comes  possible  to  avoid  the  instability  in  the  con- 
trollability  that  occurs  in  the  case  of  directly  con- 

75  trolling  the  output  level  of  the  light  output  Po,  and  to 
realize  a  stabilized  control  of  the  light  output. 

Namely,  when  the  relation  between  the 
photovoltaic  current  ls  and  the  reference  current  l^f 
is  in  the  state  ls  <  I  ref,  there  flows  no  current  to  the 

20  base  of  the  controlling  transistor  Q,,  and  the  con- 
trolling  transistor  Q,  will  find  itself  in  an  off-state. 
Then,  a  bias  current  Ib  flows  from  the  bias  current 
circuit  5  to  the  base  of  the  driving  transistor  Q2  to 
bring  the  driving  transistor  Q2  to  an  on-state,  and  a 

25  maximum  upper  current  that  is  prescribed  by  the 
detecting  resistor  R,o  flows  into  the  laser  diode  LD 
to  increase  the  light  output  Po. 

When  the  photovoltaic  current  ls  is  increased 
with  the  increase  in  the  light  output  Po  to  have  the 

30  relation  ls  >  lref,  a  base  current  which  corresponds 
to  the  difference  between  the  photovoltaic  current  ls 
and  the  reference  current  lref  flows  into  the  control- 
ling  transistor  Q,,  and  an  amplified  current  of  the 
difference  current  flows  into  the  collector  of  the 

35  controlling  transistor  Q,.  Because  of  this,  an 
amount  of  current  that  corresponds  to  the  amplified 
current  flows  from  the  bias  current  lb  in  the  bias 
current  circuit  5  to  the  side  of  the  controlling  tran- 
sistor  Q,,  and  the  base  bias  current  of  the  driving 

40  transistor  Q5  is  decreased  by  that  amount.  The 
driving  transistor  Q2  is  driven  by  the  inverted  am- 
plified  current  in  the  controlling  transistor  Q,,  the 
forward  current  l(  in  the  laser  diode  LD  is  reduced 
due  to  a  decrease  in  the  current  amplification  fac- 

45  tor,  and  hance  the  light  output  Po  is  reduced. 
By  means  of  such  a  feedback  operation,  the 

light  output  PO  of  the  laser  diode  LD  is  controlled 
to  an  output  level  so  as  to  have  the  photovoltaic 
current  ls  of  the  photodiode  PD  to  be  equal  to  the 

50  value  that  correspond  to  the  reference  current  lref. 
Now,  the  light  output  Po  of  the  laser  diode  LD 

is  controlled  to  the  output  level  Po,  or  P02  that 
corresponds  to  the  reference  current  value.  When 
the  value  of  the  switch-controlling  voltage  Vc  that  is 

55  applied  to  the  voltage  input  terminal  13  in  the  refer- 

10 
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The  relations  among  these  values  may  be  tab- 
ulated  as  In  the  following. 

enpe  current  switching  circuit  J,  is  varied  to  satisfy 
Ve  >  Vre(2  or  Vc  <  V  ret2,  the  output  level  of  the  light 
output  Po  of  the  laser  diode  LD  is  controlled  to  POi 
or  PM. 

Vc  -*  Vc  >  V r e f 2 '   Vc  <  V r e f 2 '  

Ts  "*  ^ 1   =  I r e f l '   I s 2   =  J r e f 2  

i f   -»  i f l ,   i f 2 ;  

P0  "*■  P01f   P 0 2 *  

In  an  optical  disk  device,  the  light  outputs  Po, 
and  P«  of  the  laser  diode  LD  may  apply  to  read 
and  write  levels,  respectively. 

In  the  controlling  operation  of  the  present  em- 
bodiment  described  in  the  above,  only  two  transis- 
tors,  namely,  the  controlling  transistor  Q,  and  the 
driving  transistor  Q2,  are  connected  to  the  feedback 
circuit  3,  so  that  the  circuit  configuration  is  simple 
with  very  small  number  of  component  elements 
compared  with  the  existing  device.  Therefore,  the 
response  lag  of  the  feedback  system  for  the 
changes  in  the  light  output  Po  is  very  small.  More- 
over,  the  selector  switch  that  is  composed  of  the 
differential  amplifiers  15a  and  15b  has  a  very  fast 
switchability  so  that  there  can  be  obtained  a  high 
speed  controllability,  namely,  a  high  speed 
modulability  of  the  output  level  of  the  light  output 
P.. 

Next,  in  Figs.  17  to  20  a  practical  example  of 
the  first  embodiment  will  be  shown. 

Figure  17  is  a  circuit  diagram  for  showing  a 
practical  circuit  that  corresponds  to  that  in  Fig.  15, 
Fig.  18  is  a  characteristic  diagram  for  illustrating  the 
response  characteristics  of  the  forward  current  I  ,  in 
the  laser  diode  LD  corresponding  to  the  voltage  Vo 
for  switching  control  in  the  reference  current 
switching  circuit  J,,  Fig.  19  is  a  circuit  diagram  for  a 
detection  circuit  for  detecting  the  light  output  Po 
from  the  outside,  and  Fig.  20  is  a  characteristic 
diagram  for  showing  the  response  characteristics 
between  the  switch-controlling  voltage  Vc  and  the 
output  voltage  Vo  which  is  output  from  the  external 
detection  circuit. 

In  Fig.  17,  for  example,  the  first  reference  cur- 
rent  source  14a  may  consists  of  a  resistor  R,,  with 
resistance  of  120  kQ  so  that  its  reference  current 
lreliis  set  at  75  uA.  In  addition,  the  second  refer- 
ence  current  source  14b  may  consists  of  a  resistor 
R«  with  resistance  of  33  k  Q  so  that  its  reference 
current  l^   is  set  at  280  uA.  Accordingly,  the  ratio 
of  the  two  reference  currents  !„«  and  lre,2  is  set  at 
1:4,  and  the  output  level  of  the  light  output  Po  is 
designed  to  be  switching-controlled  in  the  ratio  of 
1:4  for  the  reference  currents  lrBf. 

75  In  Fig.  17,  the  resistor  R,  which  is  connected  to 
the  forward  current  circuit  4  is  a  resistor  for  regulat- 
ing  the  forward  current  to  the  maximum  rated  val- 
ue. 

When  the  switch-controlling  voltage  Vc  that  is 
20  applied  to  the  voltage  input  terminal  13  in  such  a 

concrete  example  is  switched  to  have  the  relation 
Vc  >  V  reK  or  Vc  <  Vm,2,  the  measurement  result  on 
the  response  characteristics  between  the  switch- 
controlling  voltage  Vc  and  the  forward  current  lf  in 

2S  the  laser  diode  LD  is  shown  in  Fig.  18.  From  the 
figure,  it  will  be  seen  that  when  the  switch-control- 
ling  voltage  Vc  is  switched  from  Vc  >  Vr8f2  to  Vc  < 
VreK  to  switch  the  reference  current  lre(  from  lnn  = 
75  uA  to  IreK  =  280  uA,  the  forward  current  I  (  in 

30  the  laser  diode  LD  is  switched  from  lf!  =  60  mA  to 
l«  =  70  mA  with  the  rise  time  tr  for  the  forward 
current  lf  of  about  20  nsec  which  signifies  an 
extremely  fast  switching  response.  Further,  from 
the  characteristic  curve  of  the  light  output  Po  for  the 

35  forward  current  lf  shown  in  Fig.  16,  it  is  seen  that 
the  light  outputs  Po  corresponding  to  the  forward 
current  lf  of  60  mA  and  70  mA  are  I  mW  and  4 
mW,  respectively,  confirming  that  they  are 
switching-controlled  at  the  ratio  of  1:4. 

m  Next,  the  result  of  measurements  on  the  re- 
sponse  characteristics  between  the  switch-control- 
ling  voltage  Vc  and  the  light  output  Po,  with  an 
externally  provided  detection  circuit  as  shown  in 
Fig.  19,  will  be  described.  In  the  detection  circuit 

^  there  are  provided  a  photosensor  Ps  and  a  sense 
amplifier  which  outputs  a  voltage  output  Vo  from 
the  output  terminal  16  after  amplifying  the  photovol- 
taic  current  I  swhich  is  detected  by  the  photosensor 
Ps.  The  sense  amplifier  consists  of  an  operational 

50  amplifier  A,  and  a  feedback  resistor  R,«. 
From  the  characteristics  shown  in  Fig.  20  (A),  it 

will  be  seen  that  when  the  switch-controlling  volt- 
age  Vc  is  switched  from  Vc  >  Vret  to  Vc  <  V  „,,  and 
the  reference  current  lr8f  is  switched  from  lref1  to 

55  lre<2.  the  output  voltage  Vo  that  is  detected  by  the 
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external  detection  circuit  has  a  rise  time  tr  and  the 
fall  time  tf  at  switching  of  respectively  about  50 
nsec,  confirming  an  extremely  fast  switching  re- 
sponse. 

Figure  20  (B)  shows  the  measurement  result 
on  the  pulse  response  of  the  output  voltage  Vo  for 
the  case  when  switched  pulse  voltage  with  pulse 
width  of  50  nsec  is  used  as  the  switch-controlling 
voltage  Vc.  From  the  characteristics  in  the  figure,  it 
will  be  seen  in  this  case,  too,  that  the  rise  time  tr 
and  the  fall  time  tf  of  the  output  pulse  voltage  Vo 
are  respectively  about  50  nsec,  confirming  that  a 
sufficiently  fast  response  can  be  obtained  in  pulsed 
control  also. 

It  should  be  mentioned  that  the  rise  time  tr  and 
the  fall  time  tf  in  the  above  represent  the  values 
that  include  the  response  lag  of  the  sense  amplifier 
itself  and  other  elements  that  exist  in  the  external 
detection  circuit. 

In  Fig.  21  is  shown  a  first  modification  to  the 
third  embodiment.  In  this  modification  a  total  of  n 
reference  current  sources  24a  and  24n  are  pro- 
vided  in  a  reference  current  switching  circuit  J2, 
and  it  is  designed  that  the  reference  current  lref  can 
be  set  to  any  one  of  the  n  values  of  !„>«  to  lrefn,  by 
means  of  the  selector  switch  17. 

In  the  figure,  the  selector  switch  17  is  depicted 
as  a  mechanical  selector  switch.  However,  analo- 
gous  to  the  case  of  the  first  embodiment,  it  may  be 
constructed  by  having  a  total  of  n  differential  am- 
plifiers.  The  configuration  other  than  the  reference 
current  switching  circuit  J2  is  the  same  as  in  the 
third  embodiment. 

According  to  this  modification,  it  is  possible  to 
digitally  modulate  and  control  the  output  level  of 
the  light  output  Po  of  the  laser  diode  LD  in  n 
different  ways. 

In  Fig.  22,  there  is  shown  a  second  modifica- 
tion  to  the  third  embodiment.  This  modification  is 
constructed  by  employing  a  variable  reference  cur- 
rent  source  circuit  for  the  reference  current  source 
circuit  J3  to  be  able  to  variably  set  the  reference 
current  lref  in  an  analog  fashion. 

The  variable  reference  current  source  circuit  J3 
is  constructed  with  an  operational  amplifier  As,  an 
output  transistor  Q,o  of  emitter-follower  connection, 
and  an  emitter  output  resistor  R,7. 

At  the  junction  of  the  emitter  of  the  output 
transistor  Q10  and  the  emitter  output  resistor  R,7, 
there  will  be  generated  a  voltage  that  has  the  same 
value  as  the  controlling  voltage  Vc,  according  to  the 
principle  of  virtual  short  of  the  two  input  terminals 
of  the  operational  amplifier  As. 

Accordingly,  the  reference  current  lref  may  be 
prescribed  by  the  following  equation. 

Ire.  =  [Vc  -(-Vee)]  /  R,7 

From  the  above  equation  it  will  be  seen  that 
the  reference  current  lref  can  be  set  variably  in 
response  to  the  voltage  value  of  the  controlling 
voltage  Vc. 

5  The  configuration  of  the  present  modification  is 
similar,  except  for  the  variable  reference  current 
source  circuit  J3,  to  that  of  the  third  embodiment. 

According  to  this  modification,  it  becomes  pos- 
sible  to  modulate  and  control  the  output  level  of  the 

w  light  output  Po  of  the  laser  diode  LD  in  an  analog 
manner. 

Figure  23  is  a  diagram  for  showing  a  fourth 
embodiment  of  the  present  invention. 

In  this  embodiment,  the  reference  current 
75  source  I  in  the  second  embodiment  shown  in  Fig.  II 

is  replaced  by  the  variable  reference  current 
source  circuit  J3  that  consists  of  the  transistor  Q,o 
and  the  operational  amplifier  As  shown  in  Fig.  22, 
and  a  temperature  compensation  circuit  18  is  con- 

20  nected  to  the  noninverting  input  terminal  of  the 
operational  amplifier  As  in  the  circuit  J3.  In  addition, 
the  controlling  transistor  Q,  in  Fig.  II  is  replaced  by 
a  JFET  (junction  field  effect  transistor)  Q,,,  analo- 
gous  to  Fig.  6,  and  a  current  controlling  resistor  R, 

25  is  connected  in  series  to  the  emitter  of  the  driving 
transistor  Q2.  Further,  the  bias  current  circuit  5  of 
Fig.  II  is  replaced  by  a  resistor  R,2  as  shown  in  Fig. 
13. 

Namely,  in  the  temperature  compensation  cir- 
30  cuit  18,  there  is  connected  a  series  circuit  consist- 

ing  of  a  transistor  Q12  and  two  resistors  R,8  and  R19, 
between  the  ground  and  one  power  supply  line  2b. 
The  resistors  R,8  and  R,9  have  identical  tempera- 
ture  coefficient.  The  resistor  RM  is  a  resistor  for 

35  setting  base  bias  current  for  the  transistor  Q,2,  and 
the  base  of  the  transistor  Q,2  is  connected  to  the 
power  supply  line  2b  via  a  forwardly  connected 
diode  D  and  a  reversely  connected  Zener  diode 
ZD.  The  junction  of  the  resistors  R,»  and  R,,  is 

40  connected  to  the  noninverting  input  terminal  of  the 
operational  amplifier  As. 

The  diode  D  has  a  forward  voltage  which  has 
the  same  value  as  the  base-emitter  voltage  V  BE  of 
the  transistor  Q,2,  and  its  temperature  coefficient  for 

45  voltage  is  also  the  same  as  that  of  the  transistor 
Q* 

Further,  the  Zener  voltage  V2  of  the  Zener 
diode  ZD  has  a  temperature  coefficient  which  has 
the  opposite  sign  to  the  temperature  coefficient  of 

so  the  light  output  Po  of  the  laser  diode  LD.  Moreover, 
choice  is  made  of  a  Zener  diode  which  has  a 
coefficient  that  corresponds  to  the  temperature  co- 
efficient  of  the  light  output  Po.  As  will  be  desribed 
later,  the  variable  reference  current  source  circuit 

55  J3  utilizes  the  temperature  coefficient  of  the  Zener 
voltage  V2  of  the  Zener  diode  ZD  to  compensate 
the  temperature  coefficient  of  the  light  output  Po  of 
the  laser  diode  LD. 

12 
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Next,  referring  to  Figs.  12  (A)  and  12  (B)  and 
Fig.  24,  the  operation  and  the  setting  of  the  tem- 
perature  coefficient  of  the  reference  current  of  the 
present  embodiment  will  be  described. 

To  begin,  referring  to  Figs.  12  (A)  and  12  (B), 
the  control  of  the  light  output  when  the  laser  diode 
LD  and  the  Zener  diode  ZD  are  at  constant  tem- 
perature  conditions  of  the  room  temperature  will  be 
described. 

From  Fig.  12  (A),  it  will  be  seen  that  the  laser 
diode  will  realize  a  light  output  Po  through  the  laser 
oscillation  when  its  forward  current  If  reaches  a 
certain  "threshold  current  value"  lth,  and  thereafter 
the  light  output  Po  increases  in  proportion  to  the 
forward  current  lf.  On  the  other  hand,  the 
photodiode  PD  generates  a  photovoltaic  current  ls 
upon  receipt  of  the  light  output  Po,  in  which  the 
photovoltaic  current  ls  increases,  as  shown  in  Fig. 
12  (B),  in  proportion  to  the  light  output  Po. 

Since  the  photvoltaic  current  ls  that  is  detected 
in  the  photodiode  PD  is  proportional  to  the  light 
output  Po,  the  light  output  Po  can  be  controlled  to 
an  output  level  that  corresponds  to  the  reference 
current  Iref,  by  feedback-controlling  the  light  output 
Po  so  as  to  have  a  value  that  corresponds  to  the 
reference  current  lref. 

Here,  the  value  of  the  reference  current  lre,  that 
is  set  in  the  variable  reference  current  source  cir- 
cuit  J,  will  be  described.  Since  the  forward  voltage 
of  the  diode  D  and  the  base-emitter  voltage  VBe  of 
the  transistor  Q,2  are  arranged  to  have  equal  val- 
ues,  the  voltage  at  the  emitter  of  the  transistor  Q,2 
has  the  same  value  as  the  Zener  voltage  Vz.  Be- 
cause  of  this,  the  controlling  input  voltage  Vc  that  is 
input  to  the  noninverting  input  terminal  of  the  oper- 
ational  amplifier  A,  will  be  given  by 

Vc  =  V2  .  R,,  /  (R,,  +  R,,). 
Next,  at  the  emitter  of  the  output  transistor  Q,o, 

a  voltage  which  has  the  same  value  as  the  input 
voltage  Vc  is  generated,  based  on  the  principle  of 
virtual  short-circuiting  of  both  input  terminals  of  the 
operational  amplifier  A,. 

Therefore,  by  assuming  the  potential  of  the 
power  supply  line  2b  to  be  that  of  the  ground,  the 
reference  current  lref  will  be  prescribed  as  follows. 

lr.1  -  Vc  /  R,7 

=  V2  .  R,,  /  [R,,(R,,  +  R,,)]....(4) 
Then,  when  the  relation  between  the  reference 

current  lrefprescribed  as  above  and  the  photovoltaic 
current  I  s  detected  by  the  photodiode  PD  satisfy 
the  condition  ls  <  lref,  the  gate  of  the  controlling 
transistor  Q,,  is  set  at  a  voltage  which  is  below  the 
cut-off  voltage  so  that  the  controlling  transistor  Q,, 
will  find  itself  in  an  off-state.  Because  of  this,  a  bias 
current  lb  set  by  the  resistor  R,2  flows  into  the  base 

of  the  driving  transistor  Q2,  bringing  it  to  an  on- 
state.  As  a  result,  in  the  laser  diode  LD  there  flows 
a  maximum  upper  current  as  prescribed  by  the 
forward  current  circuit  4  to  increase  the  light  output 

5  P.. 
Along  with  an  increase  in  the  light  output  Po, 

the  photovoltaic  current  ls  increases  to  satisfy  the 
condition  ls  >  !„,,  ,  the  difference  between  the 
photovoltaic  current  ls  and  the  reference  current  Uf 

70  flows  into  the  transistor  Q,o  of  the  variable  refer- 
ence  current  source  circuit  J3  and  to  the  resistor 
R,7,  in  an  increasing  manner.  Then,  the  gate  volt- 
age  of  the  transistor  Q,,  is  raised  by  the  amount 
that  corresponds  to  the  difference  current,  and  an 

75  amplified  current  that  corresponds  to  the  amount  of 
increase  in  the  gate  voltage  flows  into  the  drain  of 
the  controlling  transistor  Q,,.  Because  of  this,  of  the 
bias  current  lb  that  is  prescribed  by  the  bias  setting 
resistor  R,,,  a  current  that  corresponds  to  the 

20  amount  of  the  amplified  current  flows  to  the  side  of 
the  controlling  transistor  Q,,,  and  the  base  bias 
current  of  the  driving  transistor  Q2  is  decreased  by 
that  amount.  The  driving  transistor  Q2  is  driven  by 
the  inverted  and  amplified  current  of  the  controlling 

25  transistor  Qtl  so  that  its  current  amplification  factor 
is  reduced  and  the  forward  current  lf  of  the  laser 
diode  LD  is  decreased. 

When  the  temperature  characteristics  are  not 
taken  into  consideration,  by  the  feedback  operation 

30  as  in  the  above,  the  light  output  Po  of  the  laser 
diode  LD  is  controlled  to  an  output  level  for  which 
the  photovoltaic  current  ls  is  a  value  that  cor- 
responds  to  the  reference  current  lre(. 

Next,  the  setting  of  the  temperature  coefficient 
35  of  the  reference  current  I  n1  for  compensating  for 

the  temperature  coefficient  of  the  light  output  Po  of 
the  laser  diode  will  be  described. 

Figure  24  shows  an  example  of  measurements 
on  the  temperature  characteristics  of  the  light  out- 

40  put  Po  for  the  laser  diode  LD,  with  the  reference 
current  lref  as  the  variable. 

From  the  temperature  characteristics,  an  ex- 
perimental  formula  for  the  light  output  Po,  for  the 
case  when  the  temperature  dependence  is  taken 

45  into  consideration,  will  be  represented  by  the  fol- 
lowing  equation. 

P,  =  7.  (I  +  a  •  AT)lre,  +  fi,  ...(5) 

so  where 

■yo  is  the  conversion  factor  (in  the  example  shown  in 
Fig.  24,  it  is  4.69  mW/mA), 

55  a  is  the  temperature  coefficient  of  0  (in  the  same 
example  as  in  the  above,  it  is  -496  ppm/°C), 

AT  is  the  deviation  from  the  room  temperature  - 

13 



0  215  311 25 26 

(25  °C)  (in°C),  and 

0  is  a  shift  term  that  is  generated  due  to  a  de- 
crease  in  the  conversion  efficiency  when  the  light 
output  is  small  (in  the  same  example  as  in  the 
above,  it  is  0.07  mW). 

Each  of  the  above  numerical  examples  repre- 
sents  the  value  that  is  obtained  from  the  measured 
values  when  the  ambient  temperature  is  varied 
from  0°C  to  50°C. 

As  shown  in  the  characteristics  of  Fig.  24,  for  a 
constant  reference  current  lref,  the  light  output  Po 
decreases  with  rise  in  the  temperature.  In  other 
words,  the  light  output  Po  has  a  negative  tempera- 
ture  coefficient  (for  example,  a  =  -496  ppm/°C). 

Therefore,  the  compensation  for  the  negative 
temperature  coefficient  a  for  the  light  output  Po  can 
be  accomplished  by  giving  the  reference  current 
lref  a  temperature  coefficient  which  has  the  op- 
posite  sign  to,  and  a  coefficient  value  that  cor- 
responds  to,  the  temperature  coefficient  of  the  light 
output  Po. 

Namely,  the  reference  current  lref  for  the  case 
when  the  temperature  coefficient  is  taken  into  ac- 
count  is  given  by 

lref  =  Irefofl  +  a,  .  A  T),  ...(6) 

where 

Irefo  is  the  reference  current  at  the  room  tempera- 
ture  (25  °C), 

a\  is  the  temperature  coefficient  for  the  reference 
current. 

By  substituting  Eq.  (6)  into  Eq.  (5)  one  obtains 

Po  =  7o  •  IrefO  {I  +  (a  +  a,)  .  A  T  +  a.ai  .  (A  T)2} 
+  0  ■  ...(7) 

Here,  if  the  temperature  coefficient  c*j  of  the  refer- 
ence  current  is  set,  as  shown  in  Eq.  (8)  below,  to 
be  numerically  equal  and  with  opposite  sign  to  the 
temperature  coefficient  of  the  conversion  coeffi- 
cient  (temperature  coefficient  of  the  light  output 
Po),  and  ai  .  a  to  be  very  small,  namely, 

at  =  -a,  a  .  a;  <K  I,  ...(8) 

then  Eq.  (7)  may  be  represented  as  follows. 

Po  =  7o  •  IrefO  +  /8....(9) 

In  other  words,  if  the  temperature  coefficient  of 
the  reference  current  is  set  from  Eq.  (8)  as  ai  = 
+  496  ppm/°C,  the  condition  a  .  <*i  ■«  I  can  be 
satisfied,  and  the  light  output  Po  will  no  longer  have 

5  a  temperature  dependence  as  a  result  of  com- 
pensation  by  the  temperature  coefficient  of  the 
reference  current. 

According  to  the  present  invention,  as  a  means 
of  giving  a  temperature  coefficient,  as  represented 

70  by  a-,,  to  the  reference  current  lref.  a  circuit  is 
constructed  by  connecting  a  temperature  compen- 
sating  circuit  18  that  includes  a  Zener  diode  ZD  to 
the  variable  reference  current  source  circuit,  as  in 
the  above,  and  made  use  of  the  temperature  coeffi- 

75  cient  a  zOf  the  Zener  voltage  Vz  of  the  Zener  diode 
ZD. 

By  choosing  a  Zener  diode  ZD  which  pos- 
sesses  a  positive  temperature  coefficient  for  the 
temperature  coefficient  oz  of  the  Zener  voltage  V2, 

20  it  becomes  possible  to  give  a  corresponding  tem- 
perature  coefficient  to  the  reference  current  Uf 
also,  as  may  be  seen  from  Eq.  (4). 

From  Eq.  (4),  the  temperature  coefficient  a  z  of 
the  Zener  voltage  and  the  temperature  coefficient  a 

25  i  of  the  reference  current  are  related  by  the  follow- 
ing  equation. 

oj  =  az  .  R19  /  (R,8  +  R,g)....(10) 
Corresponding  to  the  numerical  values  shown 

30  earlier,  it  becomes  possible  to  adjust  the  tempera- 
ture  coefficient  a  -,  of  the  reference  current  to 
satisfy  Eq.  (8),  by  choosing  the  temperature  coeffi- 
cient  a  2  of  the  Zener  voltage  of  about  +600 
ppm/°C  and  by  appropriately  adjusting  the  values 

35  of  the  resistances  R18  and  R,9. 
Next,  in  Fig.  25,  there  is  shown  a  modification 

to  the  fourth  embodiment.  This  modification  is  re- 
alized  by  making  it  possible  to  set  the  reference 
current  lref  that  is  set  in  a  reference  current  source 

40  circuit  J«  between  two  kinds  of  reference  current 
values,  namely,  lren  and  lref2,  by  switching. 

When  applying  the  temperature  compensation 
circuit  for  the  light  output  of  the  laser  diode  to,  for 
example,  a  laser  light  source  of  a  laser  diode,  it  is 

45  necessary  to  control  the  light  output  Po  stably  to 
the  two  state  of  different  output  values,  namely,  the 
read  power  and  the  write  power  of  an  optical  disk 
drive.  The  present  modification  is  an  extremely 
preferred  circuit  for  application  to  such  a  case. 

so  Regarding  the  configuration  of  the  modification, 
that  the  reference  current  source  circuit  J4  has  an 
operational  amplifier  As  and  a  temperature  com- 
pensation  circuit  18  that  includes  a  Zener  diode  ZD 
on  the  input  side  of  the  operational  amplifier  As,  is 

55  analogous  to  the  circuit  of  Fig.  23.  In  this  modifica- 
tion,  the  output  side  of  the  operational  amplifier  As 
has  the  following  configuration  for  setting  the  refer- 
ence  current  lref  to  the  two  values. 

14 
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Namely,  on  the  anode  terminal  lie  side  of  the 
photodiode  PD  there  are  connected  a  first  and  a 
second  differential  amplifiers  26a  and  26b  that  con- 
sist  of  pairs  of  transistors  Q,3,  Q,,  and  Q,5,  Q,6, 
respectively,  a  cross-coupled  circuit  19  consisting 
of  four  transistors  Q,7  to  Qw,  and  resistors  R2,  and 
R»  for  setting  reference  current  that  are  connected 
respectively  to  the  emitters  of  the  transistors  Q,9 
and  Q»  of  the  cross-coupled  circuit  19. 

A  first  and  a  second  differential  amplifiers  26a 
and  26b  constitute  a  selector  switch  for  switching 
between  the  two  kinds  of  value  of  the  reference 
current  lref.  To  the  base  of  the  transistor  Q,3  in  the 
first  differential  amplifier  26a  and  the  base  of  the 
transistor  Q,6  in  the  second  differential  circuit  26b 
there  is  applied  a  switch-controlling  voltage  Vsfrom 
a  control  voltage  input  terminal  20.  On  the  other 
hand,  to  the  base  of  the  transistor  Q,4  in  the  first 
differential  amplifier  26a  and  the  base  of  the  tran- 
sistor  Q,5  in  the  second  differential  amplifier  26b, 
there  is  applied  a  reference  voltage  V^e  (in  the 
example  shown  in  the  figure,  it  is  the  ground  poten- 
tial). 

When  the  relation  between  the  switch-control- 
ling  voltage  Vs  and  the  reference  voltage  Vre(2 
satisfies  Vs  >  Vre(2,  the  transistor  Q,3  in  the  first 
differential  amplifier  26a  is  shifted  to  on-state,  and 
the  anode  terminal  He  of  the  photodiode  PD  is 
selected  to  the  collector  current  I  refi  of  the  transis- 
tor  Q,,  in  the  cross-coupled  circuit  19. 

On  the  other  hand,  when  Vs  <  Vref2,  the  transis- 
tor  Q,5  in  the  second  differential  amplifier  26b  is 
shifted  to  on-state,  and  the  anode  terminal  lie  of  the 
photodiode  PD  is  selected  to  the  collector  current 
Uk  of  the  transistor  Q,,  in  the  cross-coupled  circuit 
19. 

Now,  the  voltage  V,  at  the  junction  between  the 
transistor  Q,9  and  the  resistor  R2,  for  setting  the  first 
reference  current,  and  the  voltage  V,  at  the  junction 
between  the  transistor  QM  and  the  resistor  Ra  for 
setting  the  second  reference  current,  are  both 
equal  to  the  input  voltage  Vc  of  the  operational 
amplifier  A«.  Therefore,  the  two  kinds  of  reference 
current  values  lref1  and  lref|2  are  prescribed  nearly 
similar  to  Eq.  (4)  by  the  following  equations. 

Iran  -  V  2  .  R,,  /  R,,  (R,,  +  R,,),  ...(||) 

lr.12  =  Vz  .  R,,  /  R*  (R,,  +  R,,),  ...(12) 
The  configuration  other  than  the  part  of  refer- 

ence  current  source  circuit  J«,  the  operation  of 
compensating  for  the  temperature  characteristics  of 
the  light  output  of  the  laser  diode  LD  by  the  tem- 
perature  characteristics  of  the  first  and  the  second 
reference  currents  I  re)1  and  lref2  that  are  set,  the 
fact  that  the  temperature  coefficients  of  the  refer- 
ence  currents  lrefi  and  I  ref2  are  set  to  the  desired 

values  by  means  of  the  temperature  coefficient  of 
the  Zener  voltage  Vz  of  the  Zener  diode,  and  so 
on,  are  approximately  the  same  as  in  the  case  of 
the  fourth  embodiment. 

5  Therefore,  according  to  the  present  modifica- 
tion,  it  is  possible  to  control  the  light  output  of  the 
laser  diode  to  the  two  kinds  of  output  levels  very 
stably,  without  involving  temperature  dependence. 

By  applying  this  modification  to  an  optical  disk 
70  device,  it  is  possible  to  simultaneously  decrease 

temperature  coefficients  of  read  and  write  beams. 
Figure  26  is  a  diagram  for  showing  the  fifth 

embodiment  of  the  present  invention. 
This  embodiment  is  obtained  by  adding  to  the 

75  driving  circuit  for  the  laser  diode  LD  that  consists 
of  the  photodiode  PD,  a  reference  current  source  I, 
an  inverting  and  amplifying  means  2  that  has  a 
junction  field  effect  transistor  (JFET)  Q2,  a  feedback 
circuit  3,  and  a  forward  current  driver  4,  a  resetting 

20  circuit  U,  that  consists  of  a  detecting  means  21  and 
a  reset  means  22.  By  this  configuration,  the  power 
supply  voltage  Vcc  that  is  supplied  by  a  positive 
power  supply  line  2a  is  monitored,  and  the  driving 
circuit  is  reset  so  as  to  prevent  the  operation  of  the 

25  laser  diode  LD  when  the  voltage  V .̂  is  lowered  to  a 
predetermined  voltage  value. 

Now,  the  reference  current  source  I  that  is 
provided  in  the  driving  circuit  actually  consists  of  a 
voltage  current  conversion  circuit  that  is  instrumen- 

30  ted  an  operational  amplifier.  To  the  noninverting 
input  terminal  of  the  operational  amplifier,  there  is 
applied  a  voltage  which  is  obtained  by  driving  the 
power  supply  voltage  +Vcc  to  an  appropriate 
voltage  value,  as  a  voltage  for  setting  reference 

35  current.  On  the  output  side  of  the  operational  am- 
plifier,  there  is  set  a  converted  current  that  has  a 
value  that  corresponds  to  the  voltage  for  setting,  as 
a  reference  current  l^f. 

Further,  the  junction  of  the  anode  terminal  lie 
40  and  the  reference  current  source  I  is  connected  to 

the  gate  of  a  controlling  transistor  Q,,  that  consists 
of  a  JFET.  The  symbol  R27  designates  a  source 
resistor,  and  the  drain  is  connected  to  the  base  of 
the  driving  transistor  Q,. 

45  When  the  power  supply  voltage  +VCC  is  kept 
constant  at  a  predetermined  voltage  value,  the  dif- 
ference  between  the  photovoltaic  current  IgOf  the 
photodiode  PD  that  monitors  the  light  output  of  the 
laser  diode  LD  and  the  reference  current  1̂   that  is 

so  set  to  the  reference  current  source  I,  is  inverted 
and  amplified  by  the  controlling  transistor  Q,,,  and 
the  inverted  and  amplified  output  is  fed  back  via  a 
forward  current  circuit  4  to  a  feedback  circuit  3.  By 
means  of  the  feedback  action,  the  forward  current  l( 

55  of  the  laser  diode  LD  is  controlled  to  a  current 
value  that  corresponds  to  the  reference  current  Uf, 
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and  the  light  output  Po  of  the  laser  diode  LD  is 
controlled  so  as  to  have  a  fixed  value  on  the  output 
level  that  corresponds  to  the  set  reference  current 
Iref- 

Now,  let  the  forward  voltage,  coresponding  to 
the  oscillating  state  of  the  laser  diode  when  the 
forward  current  lf  reached  a  threshold  current  val- 
ue,  be  called  Vf,  and  the  base-emitter  voltage  of 
the  driving  transistor  Q2,  VBE.  Next,  the  operation  of 
the  laser  diode  LD  during  increase  in  the  power 
supply  voltage  V  oc  from  OV  to  a  predetermined 
value  as  shown  in  Fig.  27,  which  occurs  in  such  a 
case  as,  for  example,  during  the  on-state  operation 
of  the  power  supply  will  be  considered. 

When  V,  and  V2  in  Fig.  27  are  fixed  to 

V,  =  V,  and  V2  =  V,  +  Vto 

respectively,  for  V  ̂ <  V,,  the  driving  transistor  Q2 
becomes  off-state,  so  that  the  driving  circuit  be- 
comes  inactive  state  and  the  laser  diode  LD  will  not 
radiate.  On  the  other  hand,  for  Vcc  >  V2,  the  driving 
transistor  Q,  is  possible  to  become  on-state.  There- 
fore,  if  a  desired  reference  current  lref  is  set  cor- 
rectly  in  the  reference  current  source  I,  the  laser 
diode  LD  will  generate  a  constant  light  output  Po 
with  an  output  level  that  corresponds  to  the  refer- 
ence  current  lref. 

Further,  when  the  power  supply  voltage  has  a 
value  in  between  the  above  two,  V,  <  Vcc  <  V2,  the 
driving  transistor  Q2  is  capable  of  being  shifted  to 
an  on-state  by  being  triggered  by  the  bias  current 
lb>  so  that  forward  current  If  with  some  magnitude 
flows  in  the  laser  diode  LD. 

On  the  other  hand,  the  operational  amplifier 
that  sets  the  reference  current  lref  is  desired  to 
become  inactive  when  the  power  supply  voltage 
Vcc  is  less  than  a  predetermined  voltage.  However, 
an  excess  output  voltage  may  sometimes  be  gen- 
erated  due  to  a  malfunction  caused  by  an  inversion 
in  the  balancing  of  the  input  voltages  to  the  invert- 
ing  and  noninverting  input  terminals. 

In  such  a  case,  the  reference  current  lref  is  set 
at  an  abnormally  high  value,  and  an  excess  forward 
current  I  f  flows  in  the  laser  diode  LD  based  on 
this,  generating  an  abnormally  high  light  output  Po. 

However,  when  the  laser  diode  LD  is  used,  for 
instance,  as  the  light  source  for  an  optical  disc 
device,  if  such  an  abnormally  hight  light  output  Po 
is  generated,  in  a  case  such  as  the  closing  or 
opening  of  the  power  supply,  under  the  generation 
of  a  state  of  low  impressed  voltage,  then  an  erro- 
neous  writing  or  erasing  of  a  signal  for  the  record- 
ing  medium  will  take  place.  The  fifth  embodiment 
shown  in  Fig.  26  is  aimed  at  eliminating  such  a 
problem.  In  the  embodiment,  the  laser  diode  LD  is 
arranged  to  become  inoperative  in  a  state,  such  as 
the  time  of  closing  or  opening  of  the  power  supply, 

when  the  power  supply  voltage  is  low,  by  means  of 
the  provision  of  a  detecting  means  21  which  detects 
the  drop  of  the  power  supply  voltage  Vcc  to  a 
predetermined  voltage  value  Vcc  '  that  is  shown  in 

5  Fig.  28,  and  a  resetting  means  2  consisting  of  a 
transistor  Qa  which  is  operated  by  the  signal  de- 
tected  by  the  detecting  means  21  to  set  the  driving 
circuit  to  the  nondriving  condition. 

In  the  above,  the  predetermined  voltage  source 
w  Voc'  has  a  value  which  is  prescribed  by  the  follow- 

ing  conditions. 

V3  <  Vcc'  <  V,, 

15  V3  <  V,,  V,  >  V2....(13) 
In  Fig.  26,  the  detecting  means  21  in  the  reset- 

ting  circuit  U,  of  the  present  embodiment  consists 
of  two  sets  of  voltage  divider  circuits,  namely,  a 
first  voltage  divider  circuit  24  formed  by  two  resis- 

20  tors  Rm  and  RK  and  a  second  voltage  divider  circuit 
23  formed  by  two  resistors  Ha  and  Rj«,  and  one 
transistor  Q2I. 

Namely,  the  first  and  the  second  voltage  di- 
vider  circuits  24  and  23  are  connected  in  parallel 

25  between  the  power  supply  line  2a  and  the  ground, 
with  the  voltage  dividing  point  24a  of  the  first 
voltage  dividing  circuit  24  connected  to  the  base  of 
the  resetting  transistor  Qa,  and  the  voltage  dividing 
point  23a  of  the  second  voltage  divider  circuit  23 

30  connected  to  the  base  of  the  transistor  Q21.  Further, 
the  collector  of  the  transistor  Q21  is  connected  to 
the  base  of  the  resetting  transistor  Q^. 

If  the  voltages  between  the  base  and  the  emit- 
ter  of  the  transistors  Qa  and  Q2,  are  called  Vbezz 

35  and  Vbe2|,  respectively,  then  the  resistors  in  the 
voltage  divider  circuits  24  and  23  are  prescribed  to 
satisfy  the  following  equations. 

V3  =  VBE22  .  (Ra  +  R«)  /  FU 
40 

V.  =  Vaea  •  (R*  +  R«)  /  R»....(14) 
Moreover,  the  resistors  that  appear  between 

the  first  and  the  second  voltage  divider  circuits  24 
and  23  are  prescribed  as  follows  in  order  to  satisfy 

45  Eq.  (13). 

Rk  /  R*  <  R*  /  R«....(15) 
Referring  to  Figs.  29  (A)  and  29  (B),  the  opera- 

tion  of  the  present  embodiment  will  be  described 
so  next.  Figure  29  (A)  shows  the  changes  in  the  rise 

and  the  fall  of  the  power  supply  voltage  V  cc,  and 
Fig.  29  (B)  shows  the  changes  in  the  reset  signal  V 
r  that  is  output  from  the  resetting  circuit  U,  during 
the  rise  or  fall  of  the  power  supply  voltage  Vcc. 

55  First,  when  the  power  supply  voltage  V^ 
reaches  a  voltage  V3  in  its  rising,  it  is  detected  by 
the  first  voltage  divider  circuit  24,  and  the  voltage 
vbe22  is  generated  from  voltage  dividing  point  24a. 

16 



0  215  311 31 32 

By  the  voltage  VBE22,  the  resetting  transistor  Q22  is 
shifted  to  on-state,  an  L  level  reset  signal  Vr  is 
output  from  the  resetting  circuit  U,,  and  the  driving 
transistor  Q2  becomes  off-state  to  set  the  driving 
circuit  to  the  nondriving  state. 

When  the  voltage  reaches  V,  with  a  rise  in  the 
power  supply  voltage  Vcc,  this  is  detected  by  the 
second  circuit  23,  and  a  voltage  of  VBE2i  is  gen- 
erated  at  the  voltage  dividing  point  23a.  The  tran- 
sistor  Q2,  is  shifted  to  on-state  by  the  voltage  VBE2i 
which  sets  the  resetting  transistor  Qa  to  off-state, 
and  an  H  level  reset  signal  V  ,  is  output  from  the 
resetting  circuit  U,. 

By  the  H  level  reset  signal  Vr,  the  driving 
transistor  Q2  is  shifted  to  on-state,  and  the  driving 
circuit  returns  to  the  driving  condition. 

However,  when  the  power  supply  voltage  V^ 
becomes  Vcc',  namely,  V3  <  Vcc'  <  V,,  the  reset 
signal  Vr  becomes  L  level,  and  the  driving  circuit  is 
set  to  the  nondriving  condition. 

On  the  other  hand,  during  the  fall  of  the  power 
supply  voltage  Vcc,  the  process  is  opposite  to  what 
has  been  described  in  the  above.  First,  when  the 
power  supply  voltage  Vcc  drops  to  the  voltage  V«, 
the  transistor  Q21  is  shifted  to  off-state,  causing  the 
resetting  transistor  Qa  to  become  on-state,  and  the 
driving  circuit  is  set  to  the  nondriving  condition  due 
to  the  outputting  of  an  L  level  reset  signal  Vr. 

When  the  power  supply  voltage  Vcc  drops  fur- 
ther  to  the  voltage  V3,  the  resetting  transistor  Q  ̂ is 
shifted  to  off-state,  the  reset  signal  Vr  becomes  H 
level.  In  this  state,  no  forward  current  is  supplied 
from  the  driving  circuit  since  the  power  supply 
voltage  V  cc  is  excessively  low. 

More  specifically,  by  choosing  the  resistances 
in  the  first  voltage  divider  circuit  24  as  R̂   =  8.6 
kO  and  R»  =  20  kQ,  the  resistances  in  the  second 
voltage  divider  circuit  23  as  Bn  =  22  KD  and  R24  = 
10  kQ,  V,  -  I.5  V  and  V2  =  2.2  V,  and  regulating  V3 
and  V.  to  V3  =  I  V  and  V,  =  3  V,  it  was  found  that 
the  driving  current  can  be  reset  in  the  prescribed 
range  of  the  power  supply  voltage  and  that  the 
malfunctions  of  the  driving  circuit  can  be  prevent- 
ed. 

Figure  30  shows  a  first  modification  to  the  fifth 
embodiment.  In  this  modification,  use  is  made  of  a 
window  comparator  consisting  of  two  differential 
amplifier  circuits  (operational  amplifiers),  namely,  a 
first  circuit  A,,  and  a  second  circuit  A,2,  as  a  detect- 
ing  means  in  the  resetting  circuit  U2. 

The  first  differential  amplifier  circuit  A,,  consists 
of  a  pair  of  transistors  Qa  and  Q»  that  are  biased 
by  a  constant  current  source  28a,  and  an  active 
load  that  is  formed  by  current  mirror  transistors  Q^ 
and  Qn. 

The  second  differential  amplifier  circuit  A,2  con- 
sists  of  a  pair  of  transistors  QK  and  Q*  that  are 
biased  by  a  constant  current  source  28b,  with  the 
current  mirror  transistors  Q27  and  Q»  as  the  com- 

s  mon  active  load. 
Reference  numeral  28c  is  a  biased  constant 

current  source  for  the  current  mirror  transistors  Q» 
and  Q,,,  and  29  is  an  output  terminal  for  the 
window  comparator. 

io  Reference  numeral  30  is  a  setting  circuit  for 
the  input  voltage  Vj  for  the  window  comparator, 
and  is  composed  of  two  diodes  D,  and  D2  and 
three  resistors  Ra,  RM,  and  RK.  By  calling  the 
forward  voltage  for  each  of  the  diodes  D,  and  D2  as 

75  V(d,  the  input  voltage  Vj  is  set  as  in  the  following 
equation. 

V,  =  Vcc  -2V)d  .  R»  /  (R*  +  RM) 

20  =  Vcc  -V,'...-(I6) 
Further,  reference  numeral  31  is  a  circuit  for 

setting  the  first  and  the  second  reference  voltage 
Vret,  and  V  reK  for  the  first  and  the  second  differen- 
tial  amplifiers  A,,  and  A,2,  respectively,  and  is  com- 

25  posed  of  three  diodes  D3,  D,,  and  D5  and  four 
resistors  RM,  Rn,  Rw,  and  R31.  The  first  reference 
voltage  VRet1  is  set  corresponding  to  the  power 
supply  voltage  V3>  and  the  second  reference  volt- 
age  Vre(2  is  set  corresponding  to  the  power  supply 

30  voltage  V,.  That  is,  the  first  and  the  second  refer- 
ence  voltages  Vref1  and  V^a  are  set  to  satisfy 

the  following  relations  for  the  first  and  the  second 
power  supply  voltages  V3  and  V,. 

35 
Vre(1  =  V3  -V,', 

Vr.fi.  =  V,  -Vi'....(17) 
Figure  31  is  a  characteristic  diagram  which 

40  shows  the  relations  represented  by  Eq.  (17),  name- 
ly,  the  relation  between  the  power  supply  voltage 
Vcc  and  the  input  voltage  V-,  . 

The  detecting  means  that  consists  of  the  win- 
dow  comparator  outputs  a  detection  signal  Vd  of  H 

45  level  from  the  output  terminal  29,  when  the  input 
voltage  V(  satisfies 

<  Vi  <  V, rsf1 ref2> 

so  that  is,  when  the  prescribed  power  supply  voltage 
Vcc'  satisfies 

V3  <  Vcc'  <  V,. 

By  the  detection  signal  Vd  of  H  level,  the  resetting 
transistor  0*  is  shifted  to  on-state,  the  reset  signal 
Vr  becomes  L  level,  and  the  driving  circuit  is  set  to 
nondriving  condition. 

55 
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To  give  a  concrete  example,  V,'  in  the  input 
voltage  setting  circuit  30  was  set,  for  exaple,  to  I  V, 
and  the  first  and  the  second  reference  voltages  V 
refi  and  Vref2  were  set  to  0.5  V  and  2.I  V,  respec- 
tively.  Accordingly,  the  driving  circuit  was  set  to  be 
nondriving  at  a  prescribed  voltage  value  of  the 
power  supply  voltage  Vc0  in  the  range  between  V3 
=  I.5  V  and  V.  =  3.I  V,  as  determined  from  Eq.  - 
(17),  and  the  malfunctions  fo  the  driving  circuit 
during  the  fall  of  the  power  supply  voltage  Vcc  was 
found  to  be  prevented. 

In  Fig.  32,  there  is  shown  a  seond  modification 
to  the  fifth  embodiment.  In  this  modification,  there 
is  included  a  time  constant  circuit  that  is  needed,  in 
the  resetting  circuit  U3.  This  is  for  making  the 
resetting  operation  of  the  driving  circuit  to  be  se- 
curer  by  continuing  the  generation  of  the  reset 
signal  Vr  for  a  duration  that  is  needed,  when  the 
power  supply  voltage  V  ̂ underwent  a  rapid 
change  of  rise  or  fall  in  the  closing  or  opening  of 
the  power  supply. 

The  resetting  circuit  U3  in  the  modification  has 
resetting  transistors  Q22a  and  Q22b  that  are  ar- 
ranged  side  by  side,  the  collectors  of  the  two 
resetting  transistors  Q22a  and  Q22b  are  jointly  con- 
nected,  and  the  common  joining  point  is  connected 
to  the  base  of  the  driving  transistor  Q2. 

Except  for  that  two  of  the  resetting  transistors 
Q22a  and  Q22b  are  arranged  side  by  side  and  that  a 
time  constant  circuit  is  provided,  the  configuration 
is  substantially  the  same  as  for  the  fifth  embodi- 
ment  shown  in  Fig.  26. 

First,  a  rise  time  constant  circuit  consisting  of  a 
capacitor  C,  and  a  resistor  Rffi  is  connected  be- 
tween  a  positive  power  supply  line  2a  and  the 
ground,  and  the  output  point  for  the  rise  time  const 
signal  Va  is  connected  to  the  base  of  the  resetting 
transistor  Q22a  . 

On  the  other  hand,  a  capacitor  C2  that  con- 
stitutes  a  fail  time  constant  circuit  is  connected 
between  the  positive  power  supply  line  2a  and  the 
voltage  dividing  point  23a  of  the  second  voltage 
divider  circuit  23.  The  fall  time  constant  circuit 
consists  of  the  capacitor  C2  and  two  resistors  R23 
and  R2».  Further,  during  the  fall,  the  power  supply 
voltage  Vec  is  shifted  to  off-state,  and  there  will  be 
no  charge  to  actuate  the  fall  time  constant  circuit. 
Therefore,  a  series  circuit  consisting  of  a  resistor 
Rk  and  a  capacitor  C3  is  connected  between  the 
positive  power  supply  line  2a  and  the  ground,  as  a 
charge  holding  circuit. 

Referring  to  Figs.  33  (A)  to  33  (H),  the  opera- 
tion  of  the  modification  will  now  be  described. 
During  the  rise  of  the  power  supply  voltage  V  ̂ - 
(Fig.  33  (A)),  the  rise  time  constant  signal  Va  is 
generated  for  a  duration  t,  that  is  prescribed  by  the 
time  constant  t,  =  C.R*  of  the  rise  time  constant 
circuit  (Fig.  33  (B)).-Then,  one  of  the  resetting 

transistors,  Q22a,  is  shifted  to  on-state  and  an  L 
level  reset  signal  Vr  is  output  (Figs.  33  (C)  and  33  - 
(H)).  By  the  reset  signal  Vr,  the  driving  circuit  is 
reset  for  a  duration  of  t,,  and  the  malfunction  of  the 

5  driving  circuit  in  the  rise  of  the  power  supply  volt- 
age  Vcc  can  be  prevented. 

On  the  other  hand,  during  the  supply  of  the 
prescribed  power  supply  voltage  VCCI  there  is 
charged  the  power  supply  voltage  V  ̂ in  the  ca- 

io  pacitor  C3  of  the  charge  holding  circuit,  as  shown  in 
Fig.  33(D). 

Further,  during  the  fall  of  the  power  supply 
voltage  Vcc(Fig.  33  (A)),  there  is  generated  a  fall 
time  constant  signal  Vc  for  a  duration  of  t2  pre- 

75  scribed  by  the  time  constant  t2  =  C*(RzJIRn)  of 
the  fall  time  constant  circuit  (Fig.  33  (E)),  shifting 
the  transistor  Q2,  to  off-state.  Then,  the  other  reset- 
ting  transistor  Q22b  becomes  on-state  (Figs.  33  (F) 
and  33  (G)),  an  L  level  reset  signal  similar  to  that 

20  for  the  rise  time  is  output  (Fig.  33  (H)),  and  the 
malfunction  of  the  driving  circuit  during  the  fall  of 
the  power  supply  voltage  Vco  can  be  prevented. 

Figure  34  is  a  circuit  diagram  for  showing  the 
overall  configuration  constructed  by  connecting  the 

25  peripheral  circuits  such  as  an  excess  current  pro- 
tective  circuit  10,  a  reference  current  switching  cir- 
cuit  J,,  a  temperature  compensation  circuit  18,  and 
a  resetting  circuit  U,,  to  a  combination  of  the  cir- 
cuits  for  the  first  through  the  fifth  embodiments, 

30  namely,  the  basic  driving  circuit  consisting  of  the 
laser  diode  LD,  the  photodiode  PD,  a  reference 
current  source  I,  an  inverting  and  amplifying  circuit 
2,  a  feedback  circuit  3,  and  a  forward  current  circuit 
4.  With  such  a  configuration,  the  laser  diode  driving 

35  circuit  is  possible  to  control  the  light  output  from 
the  laser  diode  at  a  predetermined  value  stably  and 
fast.  In  addition,  it  is  possible  to  protect  the  laser 
diode  against  an  excess  current,  temperature 
changes,  and  fall  in  the  power  supply  voltage,  and 

40  to  variably  modulate  the  light  output  of  the  laser 
diode  to  the  predetermined  values  that  correspond 
to  a  plurality  of  reference  voltages. 

45  Claims 

I.  An  apparatus  for  driving  a  semiconductor 
device  which  emits  a  light  by  supplying  a  driving 
current,  comprising: 

50 
means  for  outputting  a  photovoltaic  current  having 
a  value  corresponding  to  the  intensity  of  the  light 
emitted  from  the  semiconductor  device; 

55  means  for  supplying  a  reference  current  having  a 
predetermined  value;  and 

means  for  controlling  the  driving  current  to  be 

18 
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supplied  to  the  semiconductor  device  so  that  the 
photovoltaic  current  output  from  the  outputting 
means  changes  in  proportion  to  the  reference  cur- 
rent  from  the  supplying  means. 

2.  The  semiconductor  device  driving  apparatus 
as  claimed  in  claim  I,  wherein  the  anode  of  the 
semiconductor  device  and  the  cathode  of  the  out- 
putting  means  are  connected. 

3.  The  semiconductor  device  driving  apparatus 
as  claimed  in  claim  I,  wherein  the  cathode  of  the 
semiconductor  device  and  the  cathode  of  the  out- 
putting  means  are  connected. 

4.  The  semiconductor  device  driving  apparatus 
as  claimed  in  claim  8,  wherein  the  current  control- 
ling  means  comprises  a  resistor  for  over  current. 

5.  The  semiconductor  device  driving  apparatus 
as  claimed  in  claim  I,  wherein  the  reference  current 
supplying  means  comprises  a  current  source. 

6.  The  semiconductor  device  driving  apparatus 
as  claimed  in  claim  I,  wherein  the  reference  current 
supplying  means  comprises  a  resistor. 

7.  The  semiconductor  device  driving  apparatus 
as  claimed  in  claim  I,  further  comprising: 

a  switching  circuit  that  is  connected  to  the  semi- 
conductor  device  for  intermittently  supplying  the 
driving  current  to  switch-control  the  semiconductor 
device. 

8.  The  semiconductor  device  driving  apparatus 
as  claimed  in  claim  7,  wherein  the  switching  circuit 
comprises  a  switching  transistor. 

9.  The  semiconductor  device  driving  apparatus 
as  claimed  in  claim  I,  further  comprising: 

a  capacitor  connected  in  parallel  to  the  controlling 
means  for  preventing  the  oscillation. 

10.  The  semiconductor  device  driving  apparatus 
as  claimed  in  claim  4,  wherein  the  voltage  that  is 
supplied  to  the  controlling  means  is  about  +  5  V. 

11.  The  semiconductor  device  driving  apparatus 
as  claimed  in  claim  I,  further  comprising: 

current  restricting  means  for  detecting  a  forward 
current  supplied  to  the  semiconductor  device  and 
restricting  the  forward  current  supplied  to  the  semi- 
conductor  device,  when  the  forward  current  de- 
tected  by  the  detecting  means  exceeds  a  pre- 
scribed  current  value. 

12.  The  semiconductor  device  driving  apparatus 
as  claimed  in  claim  II,  wherein  the  detecting  means 
comprises  a  detecting  resistor  that  is  connected  in 
series  to  the  semiconductor  device. 

13.  The  semiconductor  device  driving  apparatus 
as  claimed  in  claim  I,  wherein  the  reference  current 
supplying  means  comprises  a  reference  current 
source  for  generating  a  plurality  of  reference  cur- 

rents,  and  a  selecting  means  for  selecting  one  of 
the  plurality  of  reference  currents  from  the  refer- 
ence  current  source. 

14.  The  semiconductor  device  driving  apparatus 
s  as  claimed  in  claim  13,  wherein  the  selecting  means 

comprises  a  switching  circuit  connected  between 
the  reference  current  source  and  the  controlling 
means. 

15.  The  semiconductor  device  driving  apparatus 
io  as  claimed  in  claim  I,  wherein  the  reference  current 

supplying  means  comprises  a  reference  current 
source  the  temperature  coefficient  of  the  reference 
current  has  an  opposite  sign  to  the  temperature 
coefficient  of  the  light  output  and  has  a  value  that 

t5  corresponds  to  the  temperature  coefficient  of  the 
light  output. 

16.  The  semiconductor  device  driving  apparatus 
as  claimed  in  claim  15,  wherein  the  reference  signal 
source  comprises  a  constant  voltage  diode  that  has 

20  a  temperature  coefficient  which  is  opposite  to  the 
temperature  coefficient  of  light  output  level,  and  a 
reference  signal  formation  circuit  for  forms  a  refer- 
ence  signal  in  response  to  the  constant  voltage 
from  the  constant  voltage  diode. 

25  17.  The  semiconductor  device  driving  apparatus 
as  claimed  in  claim  4,  further  comprising: 

resetting  means  for  detecting  that  the  voltage  of 
the  controlling  means  is  at  least  one  prescribed 

30  voltage  value,  in  order  to  set  the  forward  current 
circuit  to  nondriving  condition. 

18.  The  semiconductor  device  driving  apparatus 
as  claimed  in  claim  17,  wherein  the  prescribed 
voltage  value  is  a  first  potential  and  a  second 

35  potential. 
19.  The  semiconductor  device  driving  apparatus 

as  claimed  in  claim  17,  wherein  the  detecting 
means  comprises  of  a  first  voltage  dividing  circuit 
formed  by  two  resistors  and  a  second  voltage 

40  dividing  circuit  formed  by  two  resistors,  for  dividing 
the  power  supply  voltage,  and  a  transistor  con- 
nected  between  the  first  and  the  second  voltage 
dividing  circuits. 

20.  The  semiconductor  device  driving  appara- 
45  tus  as  claimed  in  claim  I,  wherein  the  current 

controlling  means  comprises  a  transistor. 
21.  The  semiconductor  device  driving  apparatus 

as  claimed  in  claim  20,  wherein  the  driving  current 
is  supplied  from  the  collector  of  the  transistor  to 

so  the  semiconductor  device. 
22.  The  semiconductor  device  driving  appara- 

tus  as  claimed  in  claimed  in  claim  20,  wherein  the 
driving  current  is  supplied  from  the  emitter  of  the 
translator  to  the  semiconductor  device. 

55  23.  An  apparatus  for  driving  a  semiconductor 
device  which  emits  a  light  by  supplying  a  driving 
current,  comprising: 

19 
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means  for  outputting  a  photovoltaic  current  having 
a  value  corresponding  to  the  intensity  of  the  light 
emitted  from  the  semiconductor  device; 

means  for  supplying  a  reference  curent  having  a 
predetermined  value;  and 

means  for  controlling  the  driving  current  to  be 
supplied  to  the  semiconductor  device  so  that  the 
photovoltaic  current  output  from  the  outputting 
means  changes  in  proportion  to  the  reference  cur- 
rent  from  the  supplying  means,  the  current  control- 
ling  means  comprising  a  voltage  comparator  for 
inverting  and  amplifying  the  difference  current  be- 
tween  the  photovoltaic  current  from  the  light  de- 
tecting  means  and  the  reference  current  from  the 
reference  current  supplying  means,  and  a  feedback 
circuit  for  controlling  the  forward  current  to  a  cur- 
rent  value  that  corresponds  to  the  reference  cur- 
rent,  by  feeding  back  the  inverted  and  amplified 
output  from  the  voltage  comparator  to  the  semicon- 
ductor  device. 

24.  A  semiconductor  device  driving  circuit 
comprising: 

means  for  supplying  a  driving  current  to  the  semi- 
conductor  device  which  emits  a  light  corresponding 
to  the  supplied  driving  current; 

means  for  generating  a  photovoltaic  current  in  re- 
sponse  to  the  intensity  of  the  light  emitted  from  the 
semiconductor  device; 

means  for  outputting  a  reference  current  having  a 
predetermined  current  value;  and 

means  for  controlling  and  supplying  means  so  that 
the  photovoltaic  current  output  from  the  outputting 
means  changes  in  proportion  to  the  reference  cur- 
rent. 

25.  The  semiconductor  device  driving  circuit  as 
claimed  in  claim  24,  wherein  the  anode  of  the 
semiconductor  device  and  the  cathode  of  the 
photodiode  are  connected. 

26.  The  semiconductor  device  driving  means 
as  claimed  in  claim  24,  wherein  the  cathode  of  the 
semiconductor  device  and  the  cathode  of  the 
photodiode  are  connected. 

27.  The  semiconductor  device  driving  circuit  as 
claimed  in  claim  24,  wherein  said  controlling 
means  comprises  a  resistor  for  overcurrent. 

28.  The  semiconductor  device  driving  circuit  as 
claimed  in  claim  24,  wherein  the  reference  current 
outputting  means  comprises  a  current  source. 

29.  The  semiconductor  device  driving  circuit  as 
claimed  in  claim  24,  wherein  the  reference  current 
outputting  means  comprises  a  resistor. 

30.  The  semiconductor  device  driving  circuit  as 
claimed  in  claim  24,  further  comprising: 

a  switching  circuit  that  is  connected  to  the  semi- 
5  conductor  device  for  intermittently  supplying  the 

driving  current  to  switching-control  the  semicon- 
ductor  device. 

31.  The  semiconductor  device  driving  circuit  as 
claimed  in  claim  30,  wherein  the  switching  circuit 

io  comprises  a  switching  transistor. 
32.  The  semiconductor  device  driving  circuit  as 

claimed  in  claim  24,  further  comprising: 

a  capacitor  connected  in  parallel  to  the  driving 
75  current  controlling  means  for  preventing  the  oscilla- 

tion. 
33.  The  semiconductor  device  driving  circuit  as 

claimed  in  claim  24,  wherein  the  voltage  that  is 
provided  to  the  power  supply  voltage  terminal  is 

20  about  +  5  V. 
34.  The  semiconductor  device  driving  circuit  as 

claimed  in  claim  24,  wherein  the  reference  current 
outputting  means  comprises  a  current  source  of 
which  temperature  coefficient  has  a  sign  which  is 

25  opposite  to  that  of  the  light  output  and  has  a  value 
that  corresponds  to  the  temperature  coefficient  of 
the  light  output. 

35.  The  semiconductor  device  driving  circuit  as 
claimed  in  claim  34,  wherein  the  reference  current 

30  source  comprises  a  reference  signal  formation  cir- 
cuit  for  forms  a  reference  signal  in  response  to  the 
constant  voltage  from  the  constant  voltage  diode 
which  has  a  temperature  coefficient  which  is  op- 
pocite  to  the  temperature  coefficient  of  light  output 

35  level. 
36.  The  semiconductor  device  driving  circuit  as 

claimed  in  claim  24,  further  comprising: 

resetting  means  for  detecting  that  the  voltage  of 
40  the  controlling  means  is  at  least  one  prescribed 

voltage  value,  in  order  to  set  the  forward  current 
circuit  to  nondriving  condition. 

37.  The  semiconductor  device  driving  circuit  as 
claimed  in  claim  36,  wherein  the  prescribed  voltage 

45  value  is  a  value  that  lies  between  a  first  potential 
and  s  second  potential. 

38.  The  semiconductor  device  driving  circuit  as 
claimed  in  claim  36,  wherein  the  detecting  means 
comprises  of  a  first  voltage  dividing  circuit  formed 

50  by  two  resistors  and  a  second  voltage  dividing 
circuit  formed  by  two  resistors,  for  dividing  the 
power  supply  voltage,  and  a  transistor  connected 
between  the  first  and  the  second  voltage  dividing 
circuits. 

55  39.  The  semiconductor  device  driving  circuit  as 
claimed  in  claim  24,  wherein  the  current  controlling 
means  comprises  a  transistor. 

20 



0  215  311 39 40 

40.  The  semiconductor  device  driving  circuit  as 
claimed  in  claim  40,  wherein  the  supplying  means 
is  controlled  by  the  collector  of  the  transistor. 

41.  The  semiconductor  device  driving  circuit  as 
claimed  in  claimed  in  claim  39,  wherein  the  driving 
current  supply  means  comprises  a  resistor. 

42.  The  semiconductor  device  driving  circuit  as 
claimed  in  claim  24,  wherein  said  drive  current 
supplying  means  comprises  a  transistor. 

43.  A  circuit  adapted  for  driving  a  first  semi- 
conductor  device  for  emitting  light  by  supplying  a 
driving  current,  comprising: 

a  first  circuit  having  a  first  terminal  to  supply  the 
driving  current  to  the  first  semiconductor  device; 
and 

a  second  circuit  having  a  second  terminal  to  re- 
ceive  a  control  current  from  a  second  semiconduc- 
tor  device  for  detecting  light,  and  a  third  terminal  to 
receive  a  reference  current,  the  second  circuit  is 
connected  to  the  first  circuit  and  controls  the  driv- 
ing  current  to  be  supplied  to  the  first  terminal  so 
that  the  control  current  changes  in  proportion  to  the 
reference  current. 

44.  The  first  semiconductor  device  driving  cir- 
cuit  as  claimed  in  claim  43,  wherein  the  first  circuit 
further  has  a  current  protective  resister  connected 
in  series  to  the  first  semiconductor  device. 

45.  The  semiconductor  device  driving  circuit  as 
claimed  in  claim  43,  wherein  reference  curent  sup- 
plyed  to  the  third  terminal  of  the  second  circuit  is 
from  a  current  source. 

46.  The  semiconductor  device  driving  circuit  as 
claimed  in  claim  43,  wherein  the  reference  current 
is  a  resistor. 

47.  The  semiconductor  device  driving  circuit  as 
claimed  in  claim  43,  further  comprising: 

a  switching  transistor  which  is  connected  in  parallel 
to  the  semiconductor  device  for  switching  the  first 
semiconductor  device. 

48.  The  semiconductor  device  driving  circuit  as 
claimed  in  claim  43,  further  comprising: 

a  capacitor  connected  in  parallel  to  the  first  circuit 
for  preventing  the  oscillation. 

49.  The  semiconductor  device  driving  circuit  as 
claimed  in  claim  43,  wherein  the  voltage  that  is 
supplied  to  the  first  circuit  or  second  circuit  is 
about  +5  V. 

50.  The  semiconductor  device  driving  circuit  as 
claimed  in  claim  43,  further  comprising: 

current  restricting  means  for  detecting  a  forward 
current  supplied  to  the  semiconductor  device  and 
for  restricting  the  forward  current  supplied  to  the 

semiconductor  device,  when  the  forward  current 
detected  by  the  detecting  means  exceeds  a  pre- 
scribed  current  value. 

51.  The  semiconductor  device  driving  circuit  as 
5  claimed  in  claim  50,  wherein  the  detecting  means 

comprises  a  detecting  resistor  that  is  connected  in 
series  to  the  semiconductor  device. 

52.  The  semiconductor  device  driving  circuit  as 
claimed  in  claim  43,  wherein  the  second  circuit  has 

w  a  reference  current  source  the  temperature  coeffi- 
cient  of  the  reference  current  being  set  by  the 
current  source  has  a  sign  which  is  opposite  to  the 
temperature  coefficient  of  the  light  output  and  has 
a  value  that  corresponds  to  the  temperature  coeffi- 

75  cient  of  the  light  output. 
53.  The  semiconductor  device  driving  circuit  as 

claimed  in  claim  52,  wherein  the  reference  signal 
source  comprises  a  constant  voltage  diode  that  has 
a  temperature  coefficient  which  is  opposite  to  the 

20  temperature  coefficient  of  light  output  level,  and  a 
reference  signal  formation  circuit  for  forms  a  refer- 
ence  signal  in  response  to  the  constant  voltage 
from  the  constant  voltage  diode. 

54.  The  semiconductor  device  driving  circuit  as 
25  claimed  in  claim  43,  further  comprising: 

resetting  means  for  detecting  that  the  voltage  of 
the  controlling  means  is  at  least  one  prescribed 
voltage  value,  in  order  to  set  the  forward  current 

30  circuit  to  nondriving  condition. 
55.  The  semiconductor  device  driving  circuit  as 

claimed  in  claim  54,  wherein  the  prescribed  voltage 
value  is  a  value  that  lies  between  a  first  potential 
and  a  second  potential. 

35  56.  The  semiconductor  device  driving  circuit  as 
claimed  in  claim  54,  wherein  the  detecting  means 
comprises  of  a  first  voltage  dividing  circuit  formed 
by  two  resistors  and  a  second  voltage  dividing 
circuit  formed  by  two  resistors,  for  dividing  the 

40  power  supply  voltage,  and  a  transistor  connected 
between  the  first  and  the  second  voltage  dividing 
circuits. 

57.  The  semiconductor  device  driving  appara- 
tus  as  claimed  in  claim  43,  wherein  the  second 

45  circuit  comprises  a  transistor. 
58.  The  semiconductor  device  driving  appara- 

tus  as  claimed  in  claim  43,  wherein  the  driving 
current  is  supplied  from  the  collector  of  the  transis- 
tor  to  the  semiconductor  device. 

so  59.  The  semiconductor  device  driving  appara- 
tus  as  claimed  in  claimed  in  claim  43,  wherein  the 
first  circuit  comprises  a  transistor. 

60.  An  apparatus  for  driving  a  semiconductor 
device  which  emits  a  light  by  supplying  a  driving 

55  current,  comprising: 

means  for  outputting  a  photovoltaic  current  having 
a  value  corresponding  to  the  intensity  of  the  light 

21 
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emitted  from  the  semiconductor  device; 

means  for  supplying  a  reference  voltage  having  a 
predetermined  value; 

5 
means  for  comparing  the  reference  voltage  sup- 
plied  from  the  supplying  means  with  a  voltage 
having  a  value  in  accordance  with  the  photovoltaic 
current  output  from  the  outputting  means,  and  for 
generating  a  control  signal  coresponding  to  the  io 
comparison  by  the  comparing  means;  and 

means  for  controlling  semiconductor  device  in  re- 
sponse  to  the  control  signal  generated  from  the 
comparing  means.  75 

61.  The  semiconductor  device  driving  apparatus 
as  claimed  in  claim  60,  wherein  the  anode  of  the 
semiconductor  device  and  the  cathode  of  the 
photodiode  are  connected. 

62.  The  semiconductor  device  driving  appara-  20 
tus  as  claimed  in  claim  60,  wherein  the  cathode  of 
the  semiconductor  device  and  the  cathode  of  the 
photodiode  are  connected. 

63.  The  semiconductor  device  driving  appara- 
tus  as  claimed  in  claim  60,  wherein  the  semicon-  25 
ductor  device  controlling  means  comprises  a  cur- 
rent  protective  resistor  which  is  connected  in  series 
to  the  semiconductor  device. 

64.  The  semiconductor  device  driving  appara- 
tus  as  claimed  in  claim  60,  wherein  the  reference 
voltage  supplying  means  comprises  a  current 
source. 

65.  The  semiconductor  device  driving  appara- 
tus  as  claimed  in  claim  60,  wherein  the  reference 
voltage  supplying  means  comprises  a  resistor. 

66.  The  semiconductor  device  driving  appara- 
tus  as  claimed  in  claim  60,  further  comprising: 

a  capacitor  for  preventing  the  oscillation. 
67.  The  semiconductor  device  driving  appara- 

tus  as  claimed  in  claim  60,  wherein  the  reference 
voltage  supplying  means  comprises  a  reference 
current  source  for  generating  a  plurality  of  refer- 
ence  currents,  and  a  selecting  means  for  selecting 
one  of  the  plurality  of  reference  currents  from  the 
reference  current  source. 

68.  The  semiconductor  device  driving  appara- 
tus  as  claimed  in  claim  67,  wherein  the  selecting 
means  comprises  a  switching  circuit  connected  be- 
tween  the  reference  current  source  and  the  invert- 
ing  and  amplifying  means. 
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